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Aminobenzimidazoles and benzimidazoles having inhibitory
activity on RSV replication and having the formula

(D)

the prodrugs, N-oxides, addition salts, quaternary amines,
metal complexes and stereochemically i1someric forms
thereot; wherein GG 1s a direct bond or C, _, ;alkanediyl option-
ally substituted with one or more hydroxy, C,_.alkyloxy,
Ar'C,_.alkyloxy, C,_salkylthio, Ar'C,_.alkylthio, HO(—
CH,—CH,—0O) —, C, _alkyloxy(—CH,—CH,—0O), — or
Ar'C,_.alkyloxy(—CH,—CH,—QO),—; R' is Ar' or a
monocyclic or bicyclic heterocycle; Q 1s hydrogen, amino or
mono- or di(C, _.alkyl)amino; one of R** and R”“ is selected
from halo, optionally mono- or polysubstituted C,_.alkyl,
optionally mono- or polysubstituted C,_.alkenyl, nitro,
hydroxy, Ar®, N(R*R*"), N(R**R*)sulfonyl, N(R**R**)car-
bonyl, C,_.alkyloxy, Ar°oxy, Ar°C,_calkyloxy, carboxyl,
C,_.alkyloxycarbonyl, or —C(—Z)Ar*; and the other one of
R** and R>“ is hydrogen; in case R*“ is different from hydro-
gen then R*” is hydrogen, C,_.alkyl or halogen and R> is
hydrogen; in case R>? is different from hydrogen then R>? is
hydrogen, C,_.alkyl or halogen and R*? is hydrogen. Com-
positions contaiming these compounds as active ingredient
and processes for preparing these compounds and composi-
tions.
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AMINOBENZIMIDAZOLES AND
BENZIMIDAZOLES AS INHIBITORS OF
RESPIRATORY SYNCYTIAL VIRUS
REPLICATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the national stage of PC'T Application
No. PCT/EP2004/053613, filed Dec. 20, 2004, which appli-
cation claims priority from EP Patent Application No.
03104°797.0, filed 18 Dec. 2003 and U.S. provisional Patent

Application No. 60/566,834, filed 30 Apr. 2004, the entire
disclosures of which are hereby incorporated in their entirely.

The present invention concerns aminobenzimidazoles and
benzimidazoles having antiviral activity, in particular, having,
an inhibitory activity on the replication of the respiratory
syncytial virus (RSV). It further concerns the preparation
thereot and compositions comprising these compounds.

Human RSV or Respiratory Syncytial Virus 1s a large RNA
virus, member of the family of Paramyxoviridae, subfamily
pneumoviridae together with bovine RSV virus. Human RSV
1s responsible for a spectrum of respiratory tract diseases 1n
people of all ages throughout the world. It 1s the major cause
of lower respiratory tract illness during infancy and child-
hood. Over half of all infants encounter RSV 1n their first year
of life, and almost all within their first two years. The infec-
tion in voung children can cause lung damage that persists for

years and may contribute to chronic lung disease in later life
(chronic wheezing, asthma). Older children and adults often
suifer from a (bad) common cold upon RSV infection. In old
age, susceptibility again increases, and RSV has been impli-
cated 1n a number of outbreaks of pneumonia 1n the aged
resulting 1n significant mortality.

Infection with a virus from a given subgroup does not
protect against a subsequent infection with an RSV 1solate
from the same subgroup in the following winter season. Re-

infection with RSV 1s thus common, despite the existence of

only two subtypes, A and B.

Today only three drugs have been approved for use against
RSV infection. A first one 1s ribavirin, a nucleoside analogue,
provides an aerosol treatment for serious RSV infection in
hospitalized children. The acrosol route of administration, the
toxicity (risk of teratogenicity), the cost and the highly vari-
able efficacy limit 1ts use. The other two drugs, RespiGam®
and palivizumab, polyclonal and monoclonal antibody
immunostimulants, are itended to be used in a preventive
way.

Other attempts to develop a safe and effective RSV vaccine
have all met with failure thus far. Inactivated vaccines failed
to protect against disease, and 1n fact in some cases enhanced
disease during subsequent infection. Life attenuated vaccines
have been tried with limited success. Clearly there 1s a need
for an efficacious non-toxic and easy to administer drug
against RSV replication.

Previously, benzimidazoles and imidazopyridines as

inhibitors of RSV replication have been described in WO
01/00611, WO 01/00612 and WO 01/00615.
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The present invention concerns mhibitors of RSV replica-
tion, which can be represented by formula (1)

(D)

N RZH,

R3b

their prodrugs, N-oxides, addition salts, quaternary amines,

metal complexes and stereochemically i1someric forms

wherein

G 1s a direct bond or C, _, alkaned1yl optionally substituted
with one or more substituents independently selected from
the group of substituents consisting of hydroxy, C, _.alky-
loxy, Ar'C, .alkyloxy, C,_.alkylthio, Ar'C,_.alkylthio,
HO(—CH,—CH,—0) —, C,_galkyloxy(—CH,—
CH,—O),— or Ar'C,_.alkyloxy(—CH,—CH,—0), —

cach n independently 1s 1, 2, 3 or 4;

R' is Ar' or a monocyclic or bicyclic heterocycle being
selected from piperidinyl, piperazinyl, pyridyl, pyrazinyl,
pyridazinyl, pyrimidinyl, furanyl, tetrahydrofuranyl, thie-
nyl, pyrrolyl, thiazolyl, oxazolyl, imidazolyl, 1sothiazolyl,
pyrazolyl, 1soxazolyl, oxadiazolyl, quinolinyl, quinoxali-
nyl, benzoturanyl, benzothienyl, benzimidazolyl, benzox-
azolyl, benzthiazolyl, pyndopyridyl, naphthiridinyl,
1H-1midazo[4,5-b]pyridinyl, 3H-imidazo[4,5-b]|pyridinyl,
imidazo[1,2-a]-pyridinyl, 2,3-dihydro-1,4-dioxino|2,3-b]
pyridyl or a radical of formula

(c-1)

H
N
\ )
Z Cym
©2)
e
\ )
\N/ (CH)m
(c-3)
N
\ )
N T (Cim
. (c-4)

\N/ (CH)m
(c-5)
X (CH)p G
‘ \
O
-
Sy
(c-6)
\ (CHZ)p G
\ s
/
SN



US 8,044,073 B2

3

-continued
(c-7)

(c-8)

wherein each of said monocyclic or bicyclic heterocycles
may optionally be substituted with 1 or where possible
more, such as 2, 3, 4 or 5, substituents independently
selected from the group of substituents consisting of halo,
hydroxy, amino, cyano, carboxyl, C,_.alkyl, C, _.alkyloxy,
C,_qalkylthio, C,_.alkyloxyC,_.alkyl, Ar', Ar'C,_.alkyl,
Ar'C, _.alkyloxy, hydroxyC, .alkyl, mono- or di(C,_,
alkyl)amino, mono- or di(C, _alkyl)aminoC, _alkyl, poly-
haloC, _salkyl, C, _calkylcarbonylamino, C, _alkyl-SO,—
NR>*—, Ar'—SO,—NR>*—, (C,_.alkyloxycarbonyl,
—C(—=0)—NR’*R’?, HO(—CH,—CH,—0),—, halo
(—CH,—CH,—0),, C,_galkyloxy(—CH,—CH,
—0),—, Ar'C, _.alkyloxy(—CH,—CH,—0) — and
mono- or di(C,_calkyl)amino(—CH,—CH,—0O) —:

cach m independently 1s 1 or 2;

cach p independently 1s 1 or 2;

cach t independently 1s 0, 1 or 2;

Q 1s hydrogen, amino or mono- or di(C, _,alkyl)amino;

one of R** and R>“ is selected from halo, optionally mono- or
polysubstituted optionally mono- or polysubstituted
C,_calkenyl, nitro, hydroxy, Ar*, N(R**R*?), N(R*R*")
sulfonyl, N(R**R*)carbonyl, C,_.alkyloxy, Ar‘oxy,
Ar°C,_.alkyloxy, carboxyl, C,_calkyloxycarbonyl, or
—C(=Z)Ar"; and the other one of R** and R is hydro-
£en;
wherein

—7 is —0, —CH—C(—0)—NR’“R>”, —CH.,,
—CH—C, _qalkyl, —=N—OH or —N—0O—C,.
salkyl; and

the optional substituents on C,_salkyl and C,_.alkenyl
can be the same or can be different relative to one
another, and are each independently selected from the
group ol substituents consisting of hydroxy, cyano,
halo, nitro, N(R**R*"), N(R**R*")sulfonyl, Het, Ar”,
C,_qalkyloxy, C, .alkyl-S(=0), Ar‘oxy, Ar—S
(—0),, Ar'C,_.alkyloxy, Ar'C,_.alkyl-S(=—0),, Het-
oxy, Het-S(=0),, HetC, _.alkyloxy, HetC, . alkyl-S
(—0), carboxyl, C, _.alkyloxycarbonyl and
— C(=Z)Ar";

n case R*“ is different from hydrogen then R*” is hydrogen,

C,_calkyl or halogen and R>” is hydrogen;

in case R*? is different from hydrogen then R>” is hydrogen,

C,_salkyl or halogen and R*” is hydrogen;

R** and R™*” can be the same or can be different relative to one
another, and are each independently selected from the
group of substituents consisting of hydrogen, C,_alkyl,
Ar-C,_alkyl, (Ar’)(hydroxy)C, .alkyl, Het-C, .alkyl,
hydroxyC, _alkyl, mono- and di-(C, _.alkyloxy)C, _.alkyl,
(hydroxyC, _.alkyloxyC, .alkyl, Ar'C,_.alkyloxy-C, .
alkyl, dihydroxyC,_calkyl, (C,_.alkyloxy)(hydroxy)C,
alkyl, (Ar'C, _.alkyloxy)(hydroxy)C, .alkyl, Ar'oxy-C,
alkyl, (Ar'oxy)(hydroxy)-C, alkyl, aminoC,_.alkyl,
mono- and di(C,_salkyl)amino-C,_.alkyl, carboxyl-C, .
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alkyl, C,_calkyloxycarbonylC, _.alkyl, aminocarbonylC, .
alkyl, mono- and di(C,_alkyl)aminocarbonylC, _.alkyl,
C,_salkylcarbonylC, _.alkyl, (C,_jalkyloxy),-P(=0)—
C, _qalkyl, (C,_jalkyloxy),P(=0)—0O—C, _.alkyl, amino-
sulfonyl-C, _alkyl, mono- and di(C,_calkyl)aminosulio-
nyl-C, .alkyl, C,_.alkylcarbonyl, Ar°carbonyl, Het-
carbonyl, Ar°C,_.alkylcarbonyl, Het-C,_.alkylcarbonyl,
C, _salkylsultonyl, aminosulfonyl, mono- and di(C, _.alkyl)
aminosulfonyl, Ar’sulfonyl, Ar°C,_.alkylsulfonyl,
Het, Het-sultonyl, HetC, _.alkylsulfonyl;

R>? and R>” can be the same or can be different relative to one
another, and are each independently hydrogen or C, _.alkyl;
or

R>“ and R’ taken together may form a bivalent radical of
formula —(CH,) — wherein s 1s 4 or 5;

R>¢ and R’? can be the same or can be different relative to one
another, and are each independently hydrogen or C, _.alkyl;
or

R>¢ and R”7 taken together may form a bivalent radical of
formula —(CH,) — wherein s 1s 4 or 3;

R®* is hydrogen, C,_.alkyl, Ar', Ar'C, _.alkyl, C,_.alkylcar-
bonyl, Ar'carbonyl, Ar'C, _.alkylcarbonyl, C,_.alkylsulfo-
nyl, Ar'sulfonyl, Ar'C,_.alkylsulfonyl, C,_.alkyloxyC, .

alkyl, aminoC, _calkyl, mono- or di(C, _.alkyl)aminoC, _

alkyl, hydroxyC, _salkyl, (carboxyl)-C, _.alkyl, (C,_, alky-
loxycarbonyl)-C, _.alkyl, aminocarbonylC, _.alkyl, mono-
and di(C, _.alkyl)aminocarbonylC, .alkyl, aminosulfonyl-
C,_salkyl, mono- and di(C,_galkyl)aminosulionyl-C, .
alkyl, Het, Het-C, _.alkyl, Het-carbonyl, Het-sultonyl, Het-
C,_salkylcarbonyl;

R®” is hydrogen, C, _.alkyl, Ar' or Ar'C,_.alkyl;

R*is C,_.alkyl, Ar' or Ar'C, _.alkyl;

Ar' is phenyl or phenyl substituted with 1 or more, such as 2,
3 or 4, substituents selected from halo, hydroxy, C, _.alkyl,
hydroxyC, _alkyl, polyhaloC, _.alkyl, and C,_.alkyloxy;

Ar” is phenyl, phenyl annelated with C._-cycloalkyl, or phe-
nyl substituted with 1 or more, such as 2, 3, 4 or 3, sub-
stituents selected from halo, cyano, C,_calkyl, Het-C,
alkyl, Ar'—C, .alkyl, cyanoC, calkyl, C, .alkenyl,
cyanoC,_.alkenyl, R®*—O—C, .alkenyl, C,_ .alkynyl,
cyanoC,_.alkynyl, R®>—0O—C,_.alkynyl, Ar', Het, R®*—
O—,R°” S R*-SO—,R**~-SO,—,R*”-—0—C,

alkyl-SO,—, —N(R°%“R®?), polyhalo-C,_.alkyl, polyha-
loC, _.alkyloxy, polyhaloC,_.alkylthio, R°**—C(—0O)—,
R —O—C(O)—, N(R*“R°*)»—C(=0)—, R**—0O

—C,_,palkyl, R®*—S—C, .alkyl, R®*—S(—0)—,
C,.. alkyl, N(R°*“R°*)—C, _.alkyl, R®**—C(—=0)—C, .
alkyl, R®*—O0O—C(=0)—C, .alkyl, N(R°R®*)—C
(—0)—C, alkyl, R®**—C(=0)—NR®*”—, R°—C
(=0)—0—, R**—C(=0)—NR°**—C,_.alkyl, R°**—C
(—0)—0—C,_aalkyl, N(R**R°*)—S(—0O),—, HLN—C
(—NH)—;

Het 1s a heterocycle being selected from tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidinonyl, furanyl,
thienyl, pyrrolyl, thiazolyl, oxazolyl, imidazolyl, 1sothiaz-
olyl, pyrazolyl, 1soxazolyl, oxadiazolyl, thiadiazolyl, pip-
eridinyl, homopiperidinyl, piperazinyl, morpholinyl,
pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, tetrahydro-
quinolinyl, quinolinyl, 1soquinolinyl, benzodioxanyl, ben-
zodioxolyl, indolinyl, 1ndolyl, each of said heterocycle
may optionally be substituted with oxo, amino, Ar",
C,_alkyl, Ar'C, _,alkyl, mono- or di(C,_.alkyl)aminoC,
alkyl, mono- or di(C,_salkyl)amino, (hydroxyC,_.alkyl)
amino, and optionally further with one or two C, _alkyl
radicals.

The ivention further relates to the use of a compound of
formula (I), or a prodrug, N-oxide, addition salt, quaternary
amine, metal complex and stereochemically 1someric form
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thereot, for the manufacture of a medicament for inhibiting
RSV replication. Or the invention relates to a method of
inhibiting RSV replication 1n a warm-blooded animal said
method comprising the administration of an effective amount
of a compound of formula (I), or a prodrug, N-oxide, addition
salt, quaternary amine, metal complex and stereochemically
1someric form thereof.

In a further aspect, this mvention relates to novel com-
pounds of formula (I) as well as methods for preparing these
compounds.

The term ‘prodrug’ as used throughout this text means the
pharmacologically acceptable derivatives, e.g. esters and
amides, such that the resulting biotransiformation product of
the derivative 1s the active drug as defined 1n the compounds
of formula (I). The reference by Goodman and Gilman (The
Pharmacological Basis of Therapeutics, 8” ed., McGraw-
Hill, Int. Ed. 1992, “Biotransformation of Drugs”, p. 13-15)
describing prodrugs generally, 1s hereby incorporated. Pro-
drugs are characterized by a good aqueous solubility and
bioavailability, and are readily metabolized into the active
inhibitors 1n vivo.

The terms ‘polysubstituted C, _alkyl” and ‘polysubstituted
C,_.alkenyl” such as used in the definition of R** and R>“
meant to comprise C,_calkyl radicals having two or more
substituents, for example two, three, four, five or six substitu-
ents, 1 particular two or three substituents, further in particu-
lar two substituents. The upper limit of the number of sub-
stituents 1s determined by the number of hydrogen atoms that
can be replaced as well as by the general properties of the
substituents such as their bulkiness, these properties allowing
the skilled person to determine said upper limut.

The term °C, _, ,alkanediyl optionally substituted with one
or more substituents’ as used 1n the definition of G 1s meant to
comprise C,_,,alkanediyl radicals having no, one, two or
more substituents, for example no, one, two, three, four, five
or s1X substituents, 1n particular no, one, two or three substitu-
ents, Turther 1n particular no, one or two substituents. Also
here, the upper limit of the number of substituents 1s deter-
mined by the factors mentioned above.

As used 1n the foregoing and hereinafter, ‘polyhaloC,
alkyl’ as a group or part of a group, e.g. in polyhaloC,
alkyloxy, 1s defined as mono- or polyhalo substituted
C,_salkyl, i particular C,_alkyl substituted with up to one,
two, three, four, five, six, or more halo atoms, such as methyl
or ethyl with one or more fluoro atoms, for example, difluo-
romethyl, trifluoromethyl, trifluoroethyl. Also included are
perfluoro C,_.alkyl groups, which are C,_.alkyl groups
wherein all hydrogen atoms are replaced by fluoro atoms, e.g.
pentatluoroethyl. In case more than one halogen atom 1s
attached to an alkyl group within the definition of polyha-
loC, _, alkyl, the halogen atoms may be the same or different.

Each of the monocyclic or bicyclic heterocycles 1n the
definition of R' may optionally be substituted with 1 or where
possible more substituents, such as 2, 3, 4 or 5, substituents.
In particular, said heterocycles may optionally be substituted
with up to 4, up to 3, up to 2 substituents, or up to 1 substitu-
ent.

Each Ar' or Ar’ may be unsubstituted phenyl or phenyl
substituted with 1 or more substituents, such as 5 or 4 sub-
stituents or, which 1s preferred, up to 3 substituents, or up to
two substituents, or with one substituent.

A radical ‘R®”—0O—C,_.alkenyl’ or ‘R*>—0—C, .C, .
alkynyl” such as mentioned among the substituents of Ar* in
particular has the R®”—O— group on a saturated carbon
atom.

A hydroxyC, _salkyl group when substituted on an oxygen
atom or a nitrogen atom preferably 1s a hydroxy(C,_.alkyl
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6

group wherein the hydroxy group and the oxygen or nitrogen
1s separated by at least two carbon atoms.

A dihydroxyC, _.alkyl group as mentioned for example 1n
the definition of R** and R*, is a C, _.alkyl group having two
hydroxy substituents which 1n particular are substituted on
different carbon atoms. The terms (C, _alkyloxy)(hydroxy)
C,_alkyl, di(C,_.alkyloxy)C, _.alkyl, (Ar'C, _.alkyloxy)(hy-
droxy)C,_salkyl refer to a C, _.alkyl radical substitute with as
well a C,_.alkyloxy and a hydroxy group, with two C, _.alky-
loxy groups, and with a Ar'C,_.alkyloxy and a hydroxy
group, respectively. Preferably in these radicals the substitu-
ents on the C,_calkyl group are on a carbon atom other than
the carbon linked to the nitrogen atom to which R** and/or
R** are linked.

As used herein C, _;alkyl as a group or part of a group
defines straight or branched chain saturated hydrocarbon
radicals having from 1 to 3 carbon atoms such as methyl,
cthyl, propyl, 1-methylethyl and the like; C, _,alkyl as a group
or part of a group defines straight or branched chain saturated
hydrocarbon radicals having from 1 to 4 carbon atoms such as
the group defined for C, _,alkyl and butyl and the like;
C,_salkyl as a group or part of a group defines straight or
branched chain saturated hydrocarbon radicals having {from 2
to 4 carbon atoms such as ethyl, propyl, 1-methylethyl, butyl
and the like; C,_calkyl as a group or part of a group defines
straight or branched chain saturated hydrocarbon radicals
having from 1 to 6 carbon atoms such as the groups defined
for C,_,alkyl and pentyl, hexyl, 2-methylbutyl and the like;
C,_calkyl as a group or part of a group defines straight or
branched chain saturated hydrocarbon radicals having from 1
to 9 carbon atoms such as the groups defined for C, _calkyl and
heptyl, octyl, nonyl, 2-methylhexyl, 2-methylheptyl and the
like; C, _,,alkyl as a group or part of a group defines straight
or branched chain saturated hydrocarbon radicals having
from 1 to 10 carbon atoms such as the groups defined for
C, _calkyl and decyl, 2-methylnonyl and the like.

The term ‘C,_calkenyl’ used herein as a group or part of a
group 1s meant to comprise straight or branched chain unsat-
urated hydrocarbon radicals having at least one double bond,
and preferably having one double bond, and from 3 to 6
carbon atoms such as propenyl, buten-1-yl, buten-2-vl,
penten-1-yl, penten-2-yl, hexen-1-vl, hexen-2-vy1, hexen-3-vl,
2-methylbuten-1-vyl, and the like. The term *C,_calkenyl” used
herein as a group or part ol a group 1s meant to comprise
C;_qalkenyl groups and ethylene. The term °‘C,_.alkynyl’
defines straight or branched chain unsaturated hydrocarbon
radicals having one triple bond and from 3 to 6 carbon atoms
such as propenyl, butyn-1-yl, butyn-2-vl, pentyn-1-yl, pen-
tyn-2-yl, hexyn-1-yl, hexyn-2-yl, hexyn-3-yl, 2-methylbu-
tyn-1-yl, and the like. The term *C,_.alkynyl’ used herein as a
group or part of a group 1s meant to comprise C,_.alkynyl
groups and ethynyl.

Whenever a C,_calkenyl group 1s linked to a heteroatom it
preferably 1s linked via a saturated carbon atom. Whenever a
C;_salkenyl group 1s substituted with hydroxy, the hydroxy 1s
on a saturated carbon atom.

C,_-cycloalkyl 1s generic to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl. C._-cycloalkyl 1s
generic to cyclopentyl, cyclohexyl or cycloheptyl.

C,_-alkanediyl defines bivalent straight and branched
chain saturated hydrocarbon radicals having from 2 to 5 car-
bon atoms such as, for example, 1,2-ethanediyl, 1,3-pro-
panediyl, 1,4-butanediyl, 1,2-propanediyl, 2,3-butanediyl,
1,5-pentanediyl and the like, C,_,alkanediyl defines bivalent
straight and branched chain saturated hydrocarbon radicals
having from 1 to 4 carbon atoms such as, for example, meth-
ylene, 1,2-ethanediyl, 1,3-propanediyl, 1,4-butanediyl and
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the like; C, _alkanediyl 1s meant to include C,_,alkanediyl
and the higher homologues thereof having from 5 to 6 carbon

atoms such as, for example, 1,5-pentanediyl, 1,6-hexanediyl
and the like;

C,_,palkanediyl 1s meant to include C, _.alkanediyl and the
higher homologues thereot having from 7 to 10 carbon atoms
such as, for example, 1,7-heptanediyl, 1,8-octanediyl, 1,9-
nonanediyl, 1,10-decanediyl and the like.

As used herein before, the term (—0O) forms a carbonyl
moiety when attached to a carbon atom, a sulfoxide moiety
when attached to a sulfur atom and a sulfonyl moiety when
two of said terms are attached to a sulfur atom. The term

(—=N—OH) forms a hydroxyimine moiety when attached to
a carbon atom.
The term halo 1s generic to fluoro, chloro, bromo and 10do.
It should be noted that the radical positions on any molecu-
lar moiety used in the definitions may be anywhere on such
moiety as long as 1t 1s chemically stable.

Radicals used in the definitions of the variables include all
possible 1somers unless otherwise indicated. For instance
pyridyl includes 2-pyridyl, 3-pynidyl and 4-pynidyl; pentyl
includes 1-pentyl, 2-pentyl and 3-pentyl.

The term polysubstituted 1s defined as substituted with
more than one substituent.

When any variable occurs more than one time 1n any con-
stituent, each definition 1s independent.

Whenever used hereinafter, the term “compounds of for-
mula (I)”, or “the present compounds™ or similar term 1s
meant to include the compounds of general formula (1), their
prodrugs, N-oxides, addition salts, quaternary amines, metal
complexes and stereochemically 1someric forms. An interest-
ing subgroup of the compounds of formula (I) or any sub-
group thereol are the N-oxides, salts and all the stereoiso-
meric forms of the compounds of formula (I).

It will be appreciated that some of the compounds of for-
mula (I) may contain one or more centers of chirality and exist
as stereochemically 1someric forms.

The term “stereochemically 1someric forms”™ as used here-
inbefore defines all the possible compounds made up of the
same atoms bonded by the same sequence of bonds but hav-
ing different three-dimensional structures which are not inter-
changeable, which the compounds of formula (I) may pos-
SESS.

Unless otherwise mentioned or indicated, the chemical
designation of a compound encompasses the mixture of all
possible stereochemically 1someric forms which said com-
pound may possess. Said mixture may contain all diastere-
omers and/or enantiomers of the basic molecular structure of
said compound. All stereochemically 1someric forms of the
compounds of the present invention both 1n pure form or 1n
admixture with each other are intended to be embraced within
the scope of the present invention.

Pure stereoisomeric forms of the compounds and interme-
diates as mentioned herein are defined as 1somers substan-
tially free of other enantiomeric or diastereomeric forms of
the same basic molecular structure of said compounds or
intermediates. In particular, the term ‘stereoisomerically
pure’ concerns compounds or intermediates having a stereoi-
someric excess of at least 80% (1.e. mimmum 90% of one
1somer and maximum 10% of the other possible 1somers) up
to a stereoisomeric excess of 100% (1.e. 100% of one 1somer
and none of the other), more 1n particular, compounds or
intermediates having a stereoisomeric excess of 90% up to
100%, even more 1n particular having a stereoisomeric excess
of 94% up to 100% and most 1n particular having a stereoi-
someric excess of 97% up to 100%. The terms ‘enantiomeri-
cally pure’ and ‘diasterecomerically pure’ should be under-
stood mm a similar way, but then having regard to the
enantiomeric excess, respectively the diastereomeric excess
of the mixture in question.
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Pure stereoisomeric forms of the compounds and interme-
diates of this invention may be obtained by the application of
art-known procedures. For instance, enantiomers may be

separated from each other by the selective crystallization of
their diastereomeric salts with optically active acids or bases.
Examples thereol are tartaric acid, dibenzoyltartaric acid,
ditoluoyltartaric acid and camphosulionic acid. Alternatively,
cnantiomers may be separated by chromatographic tech-
niques using chiral stationary phases. Said pure stereochemai-
cally 1someric forms may also be derived from the corre-
sponding pure sterecochemically i1someric forms of the
appropriate starting materials, provided that the reaction
occurs stereospecifically. Preferably, i a specific stereoiso-
mer 1s desired, said compound will be synthesized by ste-
reospecific methods of preparation. These methods will
advantageously employ enantiomerically pure starting mate-
rials.

The diastereomeric racemates of formula (I) can be
obtained separately by conventional methods. Appropriate
physical separation methods that may advantageously be
employed are, for example, selective crystallization and chro-
matography, e.g. column chromatography.

For some of the compounds of formula (1), their prodrugs,
N-oxides, salts, solvates, quaternary amines, or metal com-
plexes and the intermediates used 1n the preparation thereof,
the absolute stereochemical configuration was not experi-
mentally determined. A person skilled 1n the art 1s able to
determine the absolute configuration of such compounds
using art-known methods such as, for example, X-ray diffrac-
tion.

The present mvention 1s also intended to include all 1s0-
topes of atoms occurring on the present compounds. Isotopes
include those atoms having the same atomic number but
different mass numbers. By way of general example and
without limitation, 1sotopes of hydrogen include trittum and
deuterium. Isotopes of carbon include C-13 and C-14.

For therapeutic use, salts of the compounds of formula (1)
are those wherein the counterion 1s pharmaceutically accept-
able. However, salts of acids and bases which are non-phar-
maceutically acceptable may also find use, for example, in the
preparation or purification of a pharmaceutically acceptable
compound. All salts, whether pharmaceutically acceptable or
not are mcluded within the ambait of the present invention.

The pharmaceutically acceptable acid and base addition
salts as mentioned hereinabove are meant to comprise the
therapeutically active non-toxic acid and base addition salt
forms which the compounds of formula (I) are able to form.
The pharmaceutically acceptable acid addition salts can con-
veniently be obtained by treating the base form with such
appropriate acid. Appropriate acids comprise, for example,
inorganic acids such as hydrohalic acids, e.g. hydrochloric or
hydrobromic acid, sulfuric, nitric, phosphoric and the like
acids; or organic acids such as, for example, acetic, pro-
panoic, hydroxyacetic, lactic, pyruvic, oxalic (.e.
cthanedioic), malonic, succinic (i.e. butanedioic acid),
maleic, fumaric, malic (1.e. hydroxybutanedioic acid), tar-
taric, citric, methanesulfonic, ethanesulfonic, benzene-
sulfonic, p-toluenesulionic, cyclamic, salicylic, p-aminosali-
cylic, pamoic and the like acids.

Conversely said salt forms can be converted by treatment
with an appropriate base 1nto the free base form.

The compounds of formula (I) containing an acidic proton
may also be converted into their non-toxic metal or amine
addition salt forms by treatment with appropriate organic and
iorganic bases. Appropriate base salt forms comprise, for
example, the ammonium salts, the alkali and earth alkaline
metal salts, e.g. the lithium, sodium, potassium, magnesium,
calcium salts and the like, salts with organic bases, e.g. the
benzathine, N-methyl-D-glucamine, hydrabamine salts, and
salts with amino acids such as, for example, argimine, lysine

and the like.
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The term addition salt as used hereinabove also comprises
the solvates, which the compounds of formula (I) as well as
the salts thereof, are able to form. Such solvates are for
example hydrates, alcoholates and the like.

The term “quaternary amine” as used herembefore defines
the quaternary ammonium salts which the compounds of
formula (I) are able to form by reaction between a basic
nitrogen of a compound of formula (I) and an approprate
quatermizing agent, such as, for example, an optionally sub-
stituted alkylhalide, arylhalide or arylalkylhalide, e.g. meth-
yliodide or benzyliodide. Other reactants with good leaving,
groups may also be used, such as alkyl trifluoromethane-
sulfonates, alkyl methanesulfonates, and alkyl p-toluene-
sulfonates. A quaternary amine has a positively charged nitro-
gen. Pharmaceutically acceptable counterions 1nclude
chloro, bromo, 10do, trifluoroacetate and acetate. The coun-
terion of choice can be mtroduced using 10n exchange resins.

The N-oxide forms of the present compounds are meant to
comprise the compounds of formula (I) wherein one or sev-
eral nitrogen atoms are oxidized to the so-called N-oxide.

It will be appreciated that the compounds of formula (I)
may have metal binding, chelating, complexating properties
and therefore may exist as metal complexes or metal chelates.
Such metalated dertvatives of the compounds of formula (1)
are mtended to be included within the scope of the present
invention.

Some of the compounds of formula (I) may also exist in
their tautomeric form. Such forms although not explicitly
indicated 1n the above formula are intended to be included
within the scope of the present invention.

One embodiment of the present invention concerns com-
pounds of formula (I-a):

(I-a)

R2'a,

H

wherein Q, G, R*, R*%, R?” are as specified in the definitions
of the compounds of formula (I) or any of the subgroups of
compounds of formula (I) specified herein.

Another embodiment of the present invention concerns
compounds of formula (I-b):

(I-b)

Rl

/ H

G

\ R3a
N\‘ AN

—
\N AN,
R3b

wherein Q, G, R', R4, R’ > are as specified in the definitions

of the compounds of formula (I) or any of the subgroups of
compounds of formula (I) specified herein.
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One particular embodiment of the present invention con-
cerns compounds of formula (I-a-1):

(I-a-1)

Rl
/ R2b /R9
G —/= RIO

\ . \/>
Q 4< \ f/< Rl ]

\N /

Alk—N
\
. R4E|,

wherein Q G, R', R* and R*” are as specified in the defini-
tions of the compounds of formula (I) or any of the subgroups
of compounds of formula (I) specified herein; and

Alk 1s C, _alkanediyl;

R?, R'%, R'! independently from one another have the same
meanings as the substituents on Ar~ as specified in the
definitions of the compounds of formula (I) or of any of the
subgroups thereof; and R'® and/or R'" may also be hydro-
gen.

Another particular embodiment of the present invention
concerns compounds of formula (I-b-1):

(I-b-1)

Rl
G/ R4E|,
\ /
N"“---.. \ Alk—N\
Q4< AR’
\N'_____,\ P < N
: ==/
R

wherein Q, G, R', R** and R’ > are as specified 1n the defini-
tions of the compounds of formula (I) or any of the subgroups
of compounds of formula (I) specified herein; and

Alk 1s C, _alkanediyl;

R”,R'", R'' independently from one another have the same
meanings as the substituents on Ar” as specified in the defi-
nitions of the compounds of formula (I) or of any of the
subgroups thereof; and R'® and/or R'" may also be hydrogen.

Interesting subgroups are those comprising compounds of
formulae:

(I-c-1)

Rl
G/ —e \/ NRﬁ aRﬁb
\N Alk /
. T ‘ X \ ‘ _//\ RO
\: N - / R 10
R3b
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-continued
(I-c-2)
Rl
/ 2b
G
\N
X
p— NRﬁaRﬁb
—_| P Alk{ X
/

wherein in (I-c-1) and (I-c-2) the radicals G, R', R*?, R*? are
as specified 1n the definitions of the compounds of formula (I)
or any of the subgroups of compounds of formula (I) specified
herein; the radicals Alk, R”, R'®, R'! are as specified above or

in any of the subgroups of compounds of formula (1) specified
herein; and the radicals R°* and R°®” are as specified in the
definitions of the compounds of formula (I) or any of the
subgroups of compounds of formula (I) specified herein.
Preferred subgroups are those wherein Alk 1s ethylene or
methylene, more preferably wherein Alk 1s methylene.
In (I-a-1) or (I-b-1) R™ preferably is hydrogen,
hydroxyC, _. alkyl, aminocarbonyl-C, _.alkyl.
In (I-a-1), (I-b-1), (I-c-1) or (I-c-2) the radicals
R7, R'°, R'! preferably and independently from one another
are C,_.alkyl or R®”—0O—C,_alkyl; and R'® and/or R""
may also be hydrogen; or
R”, R'® more preferably and independently from one another
are C,_.alkyl or R®”—0O—C,_.alkyl; and R'" is hydrogen:;
or

R”, R still more preferably are C,_.alkyl and R*" is hydro-
gen; or

R” is C,_qalkyl, R' is R®”—0O—C, _.alkyl and R'" is hydro-
gen.

It 1s to be understood that the above defined subgroups of
compounds of formulae (I-a), (I-b), etc. as well as any other
subgroup defined herein are meant to also comprise any pro-
drugs, N-oxides, addition salts, quaternary amines, metal
complexes and sterecochemically isomeric forms of such
compounds.

Interesting compounds are those compounds of formula (I)
or any subgroup thereof wherein G 1s C, _, jalkanediyl; more
in particular, wherein G 1s methylene.

One embodiment comprises compounds of formula (I), as
defined above or as 1 any of the subgroups specified herein
wherein Q 1s hydrogen. Another embodiment 1s comprises
compounds of formula (1), as defined above or as 1n any of the
subgroups speciiied herein wherein Q) 1s amino; or wherein (@
1s other than hydrogen, 1.e. wheremn (Q 1s amino, mono- or
di-(C, _calkyl)amino.

Particular subgroups of the compounds of formula (I) are
those compounds of formula (I), or any subgroup of com-
pounds of tormula (I) specified herein, wherein G 1s C, _, ,al-
kanediyl, more 1n particular wherein G 1s methylene.

Other particular subgroups of the compounds of formula
(I) are those compounds of formula (I), or any subgroup of
compounds of formula (I) specified herein, wherein
(a) R' is other than Ar'; or wherein
(b) R" is Ar' or a monocyclic heterocycle, which is as speci-

fied 1n the definitions of the compounds of formula (I) or

any of the subgroups thereol.

Further particular subgroups of the compounds of formula
(I) are those compounds of formula (I), or any subgroup of
compounds of formula (I) specified herein, wherein
(¢)R'is pyridyl optionally substituted with 1 or 2 substituents

independently selected from the group consisting of halo,
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hydroxy, amino, cyano, carboxyl, C,_.alkyl, C,_.alkyloxy,
C,_qalkylthio, C,_.alkyloxyC,_.alkyl, Ar', Ar'C,_.alkyl,
Ar'C,_.alkyloxy, hydroxyC, .alkyl, mono- or di(C, .
alkyl)amino, mono- or di(C,_salkyl)amino-C,_.alkyl,
polyhaloC, _.alkyl, C,_salkylcarbonylamino, C,_.alkyl-
SO,—NR**—, Ar'—SO,—NR*—, C,_.alkyloxycarbo-
nyl, —C(=—0)—NR*R*”, HO(—CH,—CH,—0),—,
halo(—CH,—CH,—0), —, C, _salkyloxy(—CH,—
CH,—O)—, ArC,_.alkyloxy(—CH,—CH,—Q), —
and mono- or di{C, _.alkyl)amino(—CH,—CH,—0O) —;
or more 1n particular

(d) R' 1s pyridyl substituted with 1 or 2 substituents indepen-

dently selected from the group consisting of hydroxy,

C,_qalkyl, halo, C,_.alkyloxy, Ar'C,_.alkyloxy and (C,

alkyloxy)C, _calkyloxy; preferably wherein
(e) R" is pyridyl substituted with 1 or 2 substituents indepen-

dently selected from the group consisting of hydroxy,

C,_«alkyl, halo and C, _calkyloxy; or wherein
() R" is pyridyl substituted with 1 or 2 substituents indepen-

dently selected from the group consisting of hydroxy and

C,_salkyl; more preferably wherein
(g) R' is pyridyl substituted with hydroxy and C,_.alkyl; or

more preferably wherein
(h) R' is pyridyl substituted with hydroxy and methyl; or

wherein
(1) R' is 3-hydroxy-6-methylpyrid-2-yl.

Further embodiments comprise those compounds of for-
mula (I) or any of the subgroups of compounds of formula (I)
wherein
() R" is Ar', quinolinyl, benzimidazolyl, a radical of formula

X%

X T (CHy),
pyrazinyl, or pyridyl; or wherein

(k) R" is Ar', quinolinyl, benzimidazolyl or a radical of for-
mula (c-4) wherein m 1s 2, pyrazinyl, or pyridyl;

wherein each of the radicals 1n () and (k) may optionally be
substituted with the substituents specified 1n the definition
of the compounds of formula (I) and in particular pyridyl
may be substituted as specified above 1n (a) to (1).

Further embodiments comprise those compounds of formula
(I) or any of the subgroups of compounds of formula (I)
wherein

(1) R" is Ar', quinolinyl, benzimidazolyl or a radical of for-
mula (c-4) wherein m 1s 2, pyrazinyl, or pyridyl, wherein
cach of these radicals may optionally be substituted with
one, two or three radicals selected from the group consist-
ing of'halo, hydroxy, C, _.alkyl, C,_.alkyloxy, Ar'C,_.alky-
loxy, (C,_salkyloxy)C, _.alkyloxy; or more specifically
wherein

(m) R is Ar', quinolinyl, benzimidazolyl or a radical of
formula (c-4) wherein m 1s 2, pyrazinyl, or pyridyl,
wherein each of these radicals may optionally be substi-
tuted with one, two or three radicals selected from the
group consisting of halo, hydroxy, C,_.alkyloxy, benzy-
loxy; or more specifically wherein

(n) R' is phenyl optionally substituted with one, two or three
radicals selected from the group consisting of halo,
hydroxy, C,_alkyl, C,_calkyloxy; quinolinyl; a radical
(c-4) wherein m 1s 2, optionally substituted with up to two
radicals selected from C,_salkyl; benzimidazolyl option-

(c-4)
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ally substituted with C,_.alkyl; pyridyl optionally substi-

tuted with one or two radicals selected from hydroxy, halo,

C, _qalkyl, benzyloxy and C, _.alkyloxy, pyrazinyl option-

ally substituted with up to three radicals selected from

C, _calkyl; or pyridyl substituted or optionally substituted

as specified above 1n (a)-(1); or wherein

(0) R' is phenyl optionally substituted with one or two radi-
cals selected from the group consisting of halo, hydroxy,
C, _calkyl, C, _.alkyloxy;

(p) R' is quinolinyl;

(q) R' is aradical (c-4) wherein m is 2, optionally substituted
with up to two radicals selected from C, _calkyl;

(r) R' is benzimidazolyl optionally substituted with
C, _alkyl; pyridyl optionally substituted with one or two
radicals selected from hydroxy, halo, C,_calkyl, benzyloxy
and C,_.alkyloxy,

(s) R' is pyrazinyl optionally substituted with up to three
radicals selected from C, _alkyl.

Preferred subgroups of compounds of formula (1) or any of
the subgroups of compounds of formula (I) are those wherein
G 1s a direct bond or methylene and R’ is as specified above in
(a)-(s). Further preferred are the compounds of formula (I) or
any of the subgroups specified herein wherein G 1s a direct
bond and R" is a radical (c-4), in particular wherein m is 2,
optionally substituted with up to two radicals selected from
C,_salkyl. Further preferred are the compounds of formula (1)
or any of the subgroups specified herein wherein or G 1s
methylene and R is as specified above in (a)-(s), but is other
than a radical (c-4).

Other subgroups of the compounds of formula (I) are those
compounds of formula (I), or any subgroup of compounds of
formula (I) specified herein, wherein
(a) R** and R** are each independently selected from hydro-

gen, C, .alkyl, Ar°C, .alkyl, (Ar’)(hydroxy)C,_.alkyl,
Het-C, _.alkyl, hydroxyC, .alkyl, mono- and di-(C, .alky-
loxy)C, _.alkyl, (hydroxyC,_.alky)oxyC, .alkyl, Ar'C, .
alkyloxy-C, _.alkyl, dihydroxyC,_calkyl, (C,_calkyloxy)
(hydroxy)C,_calkyl, (Ar'C, _.alkyloxy)(hydroxy)C, .
alkyl, Ar'oxyC,_.alkyl, (Ar'oxy)(hydroxy)-C,_.alkyl,
aminoC, _.alkyl, mono- and di(C, _.alkyl)amino-C,_.alkyl,
carboxylC, _qalkyl, C,_salkyloxycarbonyl-C,_.alkyl, ami-
nocarbonylC, .alkyl, mono- and di(C,_.alkyl)aminocar-
bonyl-C, _.alkyl, C,_.alkylcarbonylC, _.alkyl, (C,_,alky-
loxy),P(—=0)—C, _.alkyl, (C,_jalkyloxy),P(=0)—0O

C, _qalkyl, aminosulfonyl-C, .alkyl, mono- and di(C,

alkyl)-aminosulionyl-C, _.alkyl, C,_galkylcarbonyl,

Ar*carbonyl, Het-carbonyl, Ar°C,_. alkylcarbonyl, Het-

C,_salkylcarbonyl, Ar* and Het; or wherein
(b) R** and R*” are each independently selected from hydro-

gen, C, .alkyl, Ar°C, .alkyl, (Ar’)(hydroxy)C,_.alkyl,
Het-C, _.alkyl, hydroxyC, _.alkyl, mono- and di-(C, _.alky-
loxy)C, _salkyl, (hydroxyC,_.alkyDoxyC,_.alkyl, Ar'C,
alkyloxy-C, _.alkyl, dihydroxyC,_calkyl, (C,_calkyloxy)
hydroxy)C, _.alkyl, (Ar'C,_.alkyloxy)(hydroxy)C,_.alkyl,
Ar'oxy-C, .alkyl, (Ar'oxy)hydroxy)-C, .alkyl, ami-
noC, . alkyl, mono- and di(C,_salkyl)amino-C, _.alkyl,
carboxyl-C,_qalkyl, C, _.alkyloxycarbonylC, _.alkyl, ami-
nocarbonylC, _.alkyl, mono- and di(C,_calkyl)aminocar-
bonylC, (alkyl, C,_salkylcarbonylC, _.alkyl, (C,_jalky-
loxy),-P(—0)—C, _(alkyl, (C, _,alkyloxy),P(—0)—0O

C, _salkyl, aminosulfonyl-C,_.alkyl, mono- and di(C,

alkyl)aminosulfonyl-C,_.alkyl, Ar* and Het; or wherein

(c) R** and R** are each independently selected from hydro-
gen, C, .alkyl, Ar°C, .alkyl, (Ar’)(hydroxy)C,_.alkyl,
Het-C, _(alkyl, hydroxyC, _(alkyl, (C,_salkyloxy)C,
alkyl, (hydroxyC,_salkyDoxyC, _.alkyl, Ar'C,_.alkyloxy-
C, qalkyl, Ar'oxy-C, qalkyl, (Ar'oxy)(hydroxy)-C, .
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alkyl, aminoC, _.alkyl, mono- and di(C, _alkyl)amino-C,
alkyl, carboxylC,_.alkyl, C,_salkyloxycarbonyl-C,
alkyl, aminocarbonylC, _.alkyl, mono- and di(C,_.alkyl)

aminocarbonyl-C, _.alkyl, (C,_,alkyloxy),P(—=0O)—C, .

alkyl, (C,_jalkyloxy),P(=0)—0—C,_.alkyl, aminosul-

tonyl-C, _(alkyl, mono- and di(C,_calkyl)aminosulifonyl-

C,_qalkyl and Ar"; or wherein
(d) R* and R*” are each independently selected from hydro-

gen, C, .alkyl, (Ar*)(hydroxy)C,_.alkyl, Het-C,_.alkyl,

hydroxyC, _alkyl, (C,_sallyloxy)C, (alkyl, (hydroxyC,
alkyDoxyC, _.alkyl, Ar'C, _.alkyloxy-C,_.alkyl,

ArtoxyC, _qalkyl, (Ar'oxy)(hydroxy)-C, (alkyl, ami-

noC, . alkyl, mono- and di(C,_calkyl)amino-C,_alkyl,

carboxylC, .alkyl, aminocarbonylC, _.alkyl, mono- and

di(C, _salkyl)-aminocarbonylC, _.alkyl, (C,_,alkyloxy),P

(—0)—C, salkyl, (C.4alkyloxy),-P(=0)—0—C, 4

alkyl, aminosulfonyl-C, _.alkyl, mono- and di(C, _.alkyl)

aminosulfonyl-C, _.alkyl and Ar".

Interesting subgroups of the compounds of formula (I) are
those compounds of formula (I), or any subgroup of com-
pounds of formula (I) specified herein, wherein
(e) R* and R™* are each independently selected from hydro-

gen, morpholinyl-C, _.alkyl, hydroxyC, _.alkyl, (C, _alky-

loxy)C, _salkyl, aminoC, _.alkyl, mono- and di(C, _.alkyl)
amino-C, _.alkyl, carboxylC,_(alkyl, aminocarbonylC,
alkyl, mono- and di(C,_salkyl)aminocarbonylC, _.alkyl,
aminosulfonyl-C, _.alkyl, mono- and di(C,_calkyl)amino-
sulfonyl-C, _.alkyl and Ar"; or wherein

(f) R** and R*” are each independently selected from hydro-
gen, hydroxyC, _.alkyl, (C,_salkyloxy)C, (alkyl, ami-
noC, _(alkyl, mono- and di(C,_salkyl)amino-C,_.alkyl,
carboxylC, .alkyl, aminocarbonylC,_.alkyl, mono- and
di(C,_salkyl)aminocarbonyl-C, . alkyl; or wherein

(g) R* and R*” are each independently selected from hydro-
gen, hydroxyC, .alkyl, aminocarbonylC, .alkyl, mono-
and di(C, _salkyl)aminocarbonylC, _.alkyl; or wherein

(h) R* and R*” are each independently selected from hydro-
gen, hydroxyC, _.alkyl and aminocarbonylC, _.alkyl.

Other interesting subgroups of the compounds of formula
(I) are those compounds of formula (I), or any subgroup of
compounds of formula (I) specified herein, wherein R** is
hydrogen and R** is as specified above in the restricted defi-
nitions (a) to (h).

Other subgroups of the compounds of formula (I) are those
compounds of formula (I), or any subgroup of compounds of
formula (I) specified herein, wherein
(a) Ar® is phenyl, phenyl annelated with C._cycloalkyl, or

phenyl substituted with 1, 2, or 3 substituents selected from

halo, cyano, C,_.alkyl, Het-C, .alkyl, Ar'—C,_.alkyl,
cyanoC, .alkyl, C,_.alkenyl, cyanoC, .alkenyl, R®*—

O—C,_.alkenyl, C, .alkynyl, cyanoC,_.alkynyl, R®*—

O—C,_.alkynyl, Ar', Het, R®>—0O—, R®*>—S—, R%—

SO—, R*-S80O,—, R*-0—C,_alkyl-SO,—,

—N(R*“R®"), CF,, CF,-oxy, CF,-thio, R®**—C(=0)—,

R —O—C(—=0)—, N(R°*R°**)—C(=0)—, R*>—0O—

C,_.alkyl, R®>—S—C, _.alkyl, R®**—S(=0),—C, _.alkyl,

N(R®*“R**)—C, _.alkyl, R®**—C(—0)—C, _.alkyl, R®"—

O—C(—0)—C, _alkyl, N(R*“R**)—C(—=0)—C,

alkyl, R°®“—C(=0)—NR**—, R*—C(—0)—0—,

R C(—0)—NR*”—C, .alkyl, R°*—C(=0)—0—

C,_.alkyl, N(R**R®")—S(=0)—, H.N—C(=NH)—;
(b) Ar” is phenyl, phenyl annelated with C._cycloalkyl, or

phenyl substituted with 1, 2, or 3 substituents, or with 1 or

2 substituents, selected from halo, cyano, C,_calkyl, Het-

C,_qalkyl, Ar'—C,_.alkyl, cyanoC,_.alkyl, C, .alkenyl,

cyano-C,_.alkenyl, R®*—O—C, .alkenyl, C, .alkynyl,

cyanoC,_.alkynyl, R®—0O-—C,_.alkynyl, Ar', Het, R®*—
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0O— R*”—S— R**—SO—,R**—S0,— R**—0—C, ,
alkyl_soz 3 N(RﬁﬂIRﬁb)j CF3: R654C(:O)—, Rﬁb_
O—C(—0)—, NR*R®*")—C(—=0)—, R®*”—0—C,

alkyl, R**—S—C, .alkyl, R*—S(—0),—C,_qalkyl,
N(R°“R®*)—C, .alkyl, R®*—C(=0)—C, _.alkyl, R®*—
O—C(—0)—C,_.alkyl, N(R*“R®*)—C(—=0)—C,
alkyl, R°®—C(—0)—NR®”—, H,N-—C(—NH)—;

(¢) Ar® is phenyl, phenyl annelated with C._.cycloalkyl, or
phenyl substituted with 1, 2, or 3, or with 1 or 2, substitu-
ents selected from halo, cyano, C,_calkyl, Het-C, _.alkyl,
Ar'—C, _.alkyl, cyanoC, _.alkyl, C,_.alkenyl, cyanoC,
alkenyl, R®”—0O—C,_.alkenyl, C,_.alkynyl, cyanoC,_ .

alkynyl, R°®’—O—C, .alkynyl, Ar', Het, R**—0O—,
RS , R**—-S0O,—. N(R°“R°%?), CF,, R®”_—O—C
(=0)— NR*R”)—C(=0)—, R”—0—C, clkyl,
R®”—S—C, .alkyl, R%—S(=—0),—C,_salkyl,

N(R*“R°*)—C, _.alkyl, R®*—C(=0)—C, _.alkyl, R®*—
O—C(—0)—C,_.alkyl, N(R®“R®*)—C(—0)—C,
alkyl, R°*—C(=—0)—NR°*"—

(d) Ar* is phenyl, phenyl annelated with C._cycloalkyl, or
phenyl substituted with 1, 2, or 3, or with 1 or 2, substitu-
ents selected from C,_.alkyl, Het-C, .alkyl, Ar'—C,
alkyl, cyanoC,_.alkyl, C, .alkenyl, cyanoC,_.alkenyl,
R®”—0O—C,_.alkenyl, C, .alkynyl, cyanoC,_ .alkynyl,
R —0O—C, .alkynyl, R®*—0O—C, .alkyl, R®—S
(—=0), —C, _alkyl, N(R**R**)—C, _.alkyl, R®>—O—C
(=0)—C, _4alkyl, N(R*“R**)—C(=0)—C,_salky]:

(e) Ar” is phenyl, or phenyl substituted with 1, 2, or 3 sub-

stituents, or with 1 or 2 substituents, selected from
C,_alkyl, Het-C, .alkyl, Ar'—C, _.alkyl, cyanoC,_.alkyl,
C,_qalkenyl, cyanoC,_.alkenyl, hydroxy-C,_.alkenyl,
C,_salkynyl, cyanoC,_.alkynyl, hydroxy-C,_.alkynyl,

R®”—O—C,_.alkyl,
N(R*“R°*)—C, _.alky],
amino-C(—0)—C, _.alkyl,
amino-C(—0)—C, _.alkyl;

(D) Ar” is phenyl, or phenyl substituted with 1, 2, or 3 sub-
stituents or with 1 or 2 substituents selected from C, _.alkyl,
Het-C, .alkyl, Ar'—C, _.alkyl, cyanoC,_.alkyl, C,_.alk-
enyl, cyanoC,_.alkenyl, C,_.alkynyl, cyanoC,_.alkynyl,
R°®”—0O—C, .alkyl, amino-S(=0),—C, .alkyl, R*—
O—C(=0)—C,_qalkyl, amino-C(—0O)—C, _.alkyl,
mono- and di-C, _alkylamino-C(—0)—C, _.alkyl;

(2) Ar® is phenyl, or phenyl substituted with 1, 2, or 3 sub-
stituents or with 1 or 2 substituents selected from C, _ alkyl,
R®”—O0O—C, .alkyl and amino-C(=0)—C, _.alkyl; or
selected from C,_alkyl, hydroxy-C, alkyl and amino-C
(—0)—C, _.alkyl.

The limitations in the substitutions on Ar~ as specified
under (a)-(g) above preferably apply to any Ar” being part of
a radical R* or R** being C, _.alkyl substituted with a radical
— NR*R* wherein R* and/or R*” is or are a radical Ar”.

Other subgroups of the compounds of formula (I) are those
compounds of formula (I), or any subgroup of compounds of
formula (I) specified herein, wherein
(h) Ar” is phenyl substituted with C,_.alkyl, Het-C,_.alkyl,

Ar'—C, _.alkyl, cyanoC,_.alkyl, C,_.alkenyl, cyanoC,_,

alkenyl, C,_.alkynyl, cyanoC,_.alkynyl, R®*—0O—C, _

alkyl, amino-S(—0),—C, _salkyl, R**—O—C(—0)—

C, _salkyl, amino-C(—0)—C, _.alkyl, mono- and di-C,

alkylamino-C(—=0)—C, _calkyl; and optionally further

substituted with one or with two of the substituents of Ar~
mentioned above 1n restrictions (a) to (g); or

(1) Ar? is phenyl substituted with R°>—O—C, _.alkyl, amino-
C(—=0)—C, alkyl; or phenyl substituted with hydroxy-
C, _galkyl, amino-C(—=0)—C, .alkyl; and optionally fur-

amino-S(—0),—C, _.alkyl,
R®*—O—C(=0)—C, _.alkyl,
mono- and di-C,_calkyl
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ther substituted with one or with two of the substituents on

Ar® mentioned above in restrictions (a) to (g).

The limitations in the substitutions on Ar® as specified
under (h)-(i) above preferably apply to any Ar” being part of
a radical R** or R** being C, _.alkyl substituted with a radical
Ar’.

Further subgroups are compounds of formula (I) or of any
of the subgroups of compounds of formula (I) wherein:
(a)R°?inparticularis hydrogen, C, _.alkyl, Ar", Ar'C, _.alkyl,

C,_qalkylcarbonyl, Ar'carbonyl, Ar'C,_.alkylcarbonyl,

C,_salkyloxyC, .alkyl, aminoC, _.alkyl, mono- or di(C,
alkyDaminoC,_calkyl, hydroxyC, .alkyl, (carboxyl)-C, .
alkyl, (C,_salkyloxycarbonyl)-C, _.alkyl, aminocarbon-

ylC, alkyl, mono- and di(C,_calkyl)aminocarbonylC,

alkyl, aminosulionyl-C,_.alkyl, mono- and di(C,_alkyl)
aminosultonyl-C, _.alkyl, Het, Het-C, _.alkyl, Het-carbo-
nyl, Het-C, _alkylcarbonyl;

(b) R°*more in particular is hydrogen, C, _.alkyl, Ar', Ar'C, _.
alkyl, C, _salkyloxy-C,_calkyl, aminoC, _.alkyl, mono- or
di(C, _calkyDaminoC,_calkyl, hydroxyC,_(alkyl, (car-
boxyl)-C, .alkyl, (C,_alkyloxycarbonyl)-C, _.alkyl, ami-
nocarbonylC, _.alkyl, mono- and di(C,_calkyl)aminocar-
bonylC, .alkyl, aminosultonyl-C,_.alkyl, mono- and
di(C, _calkyl)aminosulionyl-C, _.alkyl, Het, Het-C, _.;

(c) R** further in particular is hydrogen, C,_.alkyl, Ar'C,
alkyl, C,_qalkyloxyC,_calkyl, aminoC,_calkyl, mono- or
di(C,_salkyl)aminoC,_calkyl, hydroxyC, _.alkyl, (car-
boxyl)-C, _qalkyl, (C, _.alkyloxycarbonyl)-C, _.alkyl, ami-
nocarbonylC, .alkyl, mono- and di(C,_.alkyl)aminocar-
bonylC, .alkyl, aminosulfonyl-C,_.alkyl, mono- and
di(C, _calkyl)aminosulionyl-C, _.alkyl, Het-C, _.alkyl;

(d) R®? further in particular is hydrogen, C, _.alkyl, Ar'C, .
alkyl, aminoC, .alkyl, hydroxyC, _.alkyl, (carboxyl)-C,
alkyl, aminocarbonylC, .alkyl, aminosulfonyl-C, _.alkyl,
morpholinyl-C,_.alkyl; (e) R°* further in particular is
hydrogen, hydroxyC,_(alkyl, aminocarbonylC,_.alkyl,
aminosulionyl-C, _.alkyl; or wherein

(e) R°? is hydrogen, C,_.alkyl, Ar' or Ar'C,_.alkyl; or R®* is
hydrogen or C,_.alkyl; or R°* is hydrogen.

Further subgroups are compounds of formula (I) or of any
of the subgroups of compounds of formula (I) wherein:

(f) R®” preferably is hydrogen or C,_.alkyl; or more prefer-
ably 1s hydrogen;

(g) R®° preferably is C, _.alkyl.

In the group of compounds of formula (I) or 1n any of the
subgroups of compounds of formula (I):

(a) Ar' preferably is phenyl or phenyl substituted with up to 3
substituents, or with up to 2 substituents, or with one sub-
stituent, selected from halo, hydroxy, C,_.alkyl,
hydroxyC, _alkyl, trifluormethyl, and C, _.alkyloxy;

(b) Ar' more preferably is phenyl or phenyl substituted with
up to 3 substituents, or with up to 2 substituents, or with one
substituent, selected from halo, hydroxy, C,_calkyl and
C, _calkyloxy;

(c) Ar' more preferably is phenyl or phenyl substituted with
up to 3 substituents, or with up to 2 substituents, or with one
substituent, selected from halo and C, _alkyl.

Other subgroups of the compounds of formula (I) are those
compounds of formula (I), or any subgroup of compounds of
formula (I) specified herein, wherein
(a) Het 1s tetrahydrofuranyl, furanyl, thienyl, thiazolyl,

oxazolyl, imidazolyl, 1sothiazolyl, pyrazolyl, 1soxazolyl,

piperidinyl, homopipernidinyl, piperazinyl, morpholinyl,
pyridyl, pyrazinyl, pyrimidinyl, tetrahydroquinolinyl,
quinolinyl, 1soquinolinyl, benzodioxanyl, benzodioxolyl,
indolinyl, 111d01y1 which may optionally be substituted

with oxo, amino, Ar', C,_.alkyl, aminoC,_.alkyl, Ar'C,
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alkyl, mono- or di(C,_salkyl)aminoC, _.alkyl, mono- or

di(C,_salky)amino,  (hydroxyC, _.alkyl)amino, and

optionally further with one or two C,_,alkyl radicals; or

(b) Het 1s tetrahydrofuranyl, furanyl, thienyl, thiazolyl,
oxazolyl, imidazolyl, pyrazolyl, 1soxazolyl, piperidinyl,
homopiperidinyl, piperazinyl, morpholinyl, pyridyl,
pyrazinyl, pyrimidinyl, tetrahydroquinolinyl, quinolinyl,
1soquinolinyl, benzodioxanyl, benzodioxolyl, indolinyl,
indolyl, which may optionally be substituted with oxo,
amino, Ar', C, _alkyl, aminoC, _alkyl, and optionally fur-
ther with one or two C,_,alkyl radicals; or

(c) Het 1s furanyl, thienyl, pyrazolyl 1soxazolyl, morpholinyl,
pyrimidinyl, quinolinyl, indolinyl, which may optionally
be substituted with one or two C, _,alkyl radicals.

(d) Het 1s morpholinyl, which may optionally be substituted
with one or two C, _,alkyl radicals; or

(d) Het 1s morpholinyl.

A particular embodiment of the present invention concerns
compounds of formula (I) wherein Q, G, R' and R are as
specified above in the definition of formula (I) or as 1n any of
the subgroups of compounds of formula (I) specified herein;

and wherein
(a) one of R** and R?“ is selected from —N(R*?R*),

(R*R*)N—CO—, C,_.alkyl substituted with one or two

substituents selected from hydroxy, cyano, Ar®, Het or

—N(R*R*) and C,_.alkenyl substituted with cyano or

Ar”; and the other one of R** and R>“ is hydrogen; or
(b) one of R** and R’* is selected from —N(R**R**);

(R*R*N—CO—; C,_alkyl optionally substituted with

hydroxy, cyano, Ar®, Het or —N(R**R**); C,_.alkyl sub-

stituted with hydroxy and Ar*; and C,_.alkenyl substituted
with cyano or Ar*; and the other one of R** and R is
hydrogen; or

(c) one of R** and R?“ is selected from (R**R*N—CO—;
C,_calkyl optionally substituted with hydroxy, Ar*, Het or
—N(R*R*); and C,_.alkenyl substituted with Ar*; and
the other one of R** and R is hydrogen; and

n case R** is different from hydrogen then R*” is hydrogen,

C, _.alkyl or halogen and R>” is hydrogen;
in case R is different from hydrogen then R>” is hydrogen,
C,_calkyl or halogen and R*” is hydrogen;

Ar?, Het R** and R*? are as in the definitions of the com-
pounds of formula (I) or as 1n any subgroup specified
herein.

Another particular embodiment of the present invention
concerns compounds of formula (I) wherein Q, G, R' and R>
are as specified above 1n the definition of formula (I) or as 1n
any of the subgroups of compounds of formula (I) specified
herein; and
(d) one of R** and R** is selected from (R**R*N—CO—;

C,_calkyl optionally substituted with hydroxy, Ar*, Het or

—N(R*R™*); and C,_.alkenyl substituted with Ar'; and

the other one of R** and R>“ is hydrogen; or

(e) one of R** and R*“ is selected from (R*)HN—CO—;
C,_alkyl optionally substituted with hydroxy, Ar”, Het,
—NH(R*) or —N(R**)Ar*; and C,_.alkenyl substituted
with Ar'; and the other one of R** and R>“ is hydrogen; or

(1) one of R2% and R is C,_alkyl optionally substituted with
hydroxy, Ar®, Het, —NH(R**) or —N(R**)Ar*; and the
other one of RZH and R>“ is hydrogen; or

() one of R**and R** is C,_.alkyl optionally substituted with
hydroxy, Ar’, —NH(R™) or —N(R**)Ar”; and the other
one of R** and R’ is hydrogen:;

(h) one of R**and R** is C,_.alkyl optionally substituted with
—NH(R*) or —N(R**)Ar*; and the other one of R*“ and

R>“ is hydrogen;
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(i) one of R** and R* is C, _.alkyl optionally substituted with
—NH(R*%); and the other one of R** and R** is hydrogen;
(j) one of R** and R** is C, _ alkyl optionally substituted with
—N(R**)Ar*; and the other one of R** and R>“ is hydro-

en;

1n c%ase R>*is different from hydrogen then R*” is hydrogen or

C,_.alkyl and R? is hydrogen;
in case R>“ is different from hydrogen then R>” is hydrogen or

C,_.alkyl and R*? is hydrogen;

Ar?, Het, R* and R*’ are as in the definitions of the com-
pounds of formula (I) or as 1 any subgroup specified
herein.

Another particular embodiment of the present invention
concerns compounds of formula (I) wherein Q, G, R' and R°
are as specified above in the definition of formula (I) or as 1n
any of the subgroups of compounds of formula (I) specified
herein; wherein R*“ and R>“ are as defined in (a)-(j) above and
R*” and R*” are both hydrogen.

Another embodiment of the present invention concerns
compounds of formula (I) wherein Q, G, R' and R” are as
specified above in the definition of formula (I) or as 1n any of
the subgroups of compounds of formula (I) specified herein;
wherein
(k) one of R** and R*“ is C, _alkyl; and the other one of R*

and R’ is hydrogen;

in case R*“ is different from hydrogen then R** is C, _.alkyl
and R>? is hydrogen;

in case R*“ is different from hydrogen then R is C, _.alkyl
and R*? is hydrogen.

Still another embodiment of the present invention concerns
compounds of formula (I) wherein Q, G, R' and R” are as
specified above 1n the definition of formula (I) or as 1n any of
the subgroups of compounds of formula (I) specified herein;
wherein

one of R** and R>“ is selected from C,_.alkyl substituted

with —N(R**R**), wherein R** is hydrogen;

and the other one of R** and R is hydrogen; and

in case R*“ is different from hydrogen then R*” is hydrogen
and R>? is hydrogen;

in case R*“ is different from hydrogen then R>” is hydrogen
and R*” is hydrogen.

Still another embodiment of the present invention concerns
compounds of formula (I) wherein Q, G, R' and R” are as
specified above or as 1 any of the subgroups of compounds
specified herein; and
one of R** and R*“ is selected from C, _ alkyl substituted with

—N(R*R*"); and the other one of R** and R?* is hydro-

gen; and

in case R*“ is different from hydrogen then R*” is hydrogen
and R>” is hydrogen;

in case R>“ is different from hydrogen then R*? is hydrogen
and R*” is hydrogen; and further wherein

R**is Ar* and

R* is C,_.alkyl, Ar*C, .alkyl, C,_.alkyloxyC,_.alkyl,
hydroxyC, _.alkyloxyC, .alkyl, Ar'C, _.alkyloxyC, .
alkyl, (C,_.alkyloxy)(hydroxy)C,_calkyl, (Ar'C,_.alky-
loxy) (hydroxy)C,_calkyl, aminoC,_.alkyl, mono- and
di(C, _calkyl)aminoC,_calkyl, hydroxy-C,_alkyl, ami-
nocarbonylC, (alkyl, mono- and di(C,_.alkyl)aminocar-
bonylC, .alkyl, C,_jalkyloxycarbonylC,_.alkyl, hydroxy-
carbonylC, _.alkyl, Het or Het-C, _.alkyl.

Preferred compounds are those compounds listed 1n tables

1 through 6, more 1n particular the compound numbers 1 to
75,8110 116,1291t0 165, 167 to 183, 191 to 192, 194 to 197,

205 to 214 and 238 to 239.
Most preferred 1s compound 90 1n Table 1, the name of
which is 2-(2-amino-6-{[2-(3-hydroxy-propyl)-5-methyl-
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phenylamino ]-methyl } -benzimidazol-1-ylmethyl)-6-meth-

ylpyridin-3-ol, as well as the prodrugs, N-oxides, addition
salts, quaternary amines and metal complexes thereol, 1n
particular said compound and the acid-addition salts thereof.

The compounds of formula (I) or any of the subgroups
thereol can be prepared as 1n the following reaction schemes.

RZb
H\
N R* R!'—G—W
H“ N (I0D)
Q A\ ,,...--
N / RZEI,
R3b
(1I)
Rl
/ R2b
G
\ R3:;1
N ‘ X"
—
\N /\RZEL

R3b
(1)

In this scheme G, R', R**, R*”, R**, R*” have the meanings
defined above for the compounds of formula (I) or of any of

the subgroups thereof. W 1s an appropriate leaving group,
preferably 1t 1s chloro or bromo. The reaction of this scheme
can be typically conducted 1n a suitable solvent such as an
cther, e.g. THF, a halogenated hydrocarbon, e.g.
dichoromethane, CHCI,, toluene, a polar aprotic solvent such
as DMF, DMSO, DMA and the like. A base may be added to
pick up the acid that 1s liberated during the reaction. If

desired, certain catalysts such as 1odide salts (e.g. KI) may be
added.

Where 1n the conversion of (II) mto (I) the radical Q 1s
amino, said radical (Q may be protected with an appropriate
protecting group such as an alkyloxycarbonyl group, e.g.
methoxycarbonyl, ethoxycarbonyl, t.butyloxycarbonyl,
which subsequently 1s removed, for example by treatment
with a base. Where radical Q 1s methoxycarbonylamino, said
radical Q may be transformed into a methylamino group by
treatment of the starting methoxycarbonylamino benzimida-
zole with a complex metal hydride such as Li1AIH,,.

The compounds of formula (I) wherein Q 1s amino, said
compounds being represented by formula (I-d) can be pre-
pared as outlined 1n the following reaction schemes.

RZb
H,N )\ R
N X -
cyclization
o
/
R3b

|
HEN/ \(\RER

(IV)
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-continued
RZb
E\_\ AN R pl—G—w
H2N4<\ ‘ am
N""'# F R2a
R3b
(V) |
G/R R2b
\, -
HgN—<\
N R2a
R3b

(I-d)

In a first step, a diaminobenzene (IV) 1s cyclized with a
suitable reagent, for example with cyanogen bromide, prei-
erably 1n a suitable solvent, e.g. an alcohol such ethanol, to
yield an aminobenzimidazole (V). The latter intermediate (V)
1s reacted with reagent (III) in an N-alkylation reaction to
obtain an intermediate (II). One of the amino groups in start-
ing material (IV) can be substituted with a radical -G-R' and
this dertvative ol (IV) can be cyclized with cyanogen bromide
as described above to directly obtain (I-d). Alternatively,
intermediate (IV) can be reacted with urea in a condensation
reaction to yield a benzimidazol-2-one, 1n a suitable solvent
such as xylene. The resulting product 1s converted into a
corresponding 2-substituted benzimidazole denvative,
wherein the group 1n 2-position 1s a leaving group, preferably
halo, e.g. chloro or bromo, by reaction with a halogenating
agent such as POCI,. The obtained product can further be
reacted with ammonia to yield (V).

The above-mentioned N-alkylations are conducted 1n a
suitable solvent and, 11 desired, 1n the presence of a base.

Compounds of formula (I) may be converted into each
other following art-known functional group transformation
reactions, comprising those described heremafter.

Compounds of formula (I) wherein R** or R’? is
C,_qalkoxycarbonyl or C,_.alkyl substituted with
C,_galkoxycarbonyl can be reduced, e.g. with L1AlH,_, to the
corresponding compounds wherein R** or R’“ is hydroxy
C,_galkyl. The latter group can be oxidized to an aldehyde
group, e.g. with MnQO,,, which can further be derivatized with
amines, ¢.g. with a reductive amination process, to the corre-
sponding C,_.alkylamines or derivatized amines. Alterna-
tively the compounds of formula (I) wherein R*“ or R** is
hydroxyC, _.alkyl can be converted to the corresponding
haloC, _.alkyl compounds, e.g. by treatment with a suitable
halogenating agent such as SOCI,, which compounds subse-
quently are reacted with an amine or amine derivative.

Compounds of formula (1) wherein R** or R>“ is an alde-
hyde can be converted to the corresponding compounds
wherein R** or R*“ is C,_.alkenyl or substituted C.,_.alkenyl
by a Wittig reaction or a Wittig-Horner reaction. In the former
instance a Wittig type reagent 1s used, such as a triph-
enylphosphomiumylide 1 a suitable reaction-inert solvent
such as an ether, starting from triphenylphosphine and a halo
derivative. The Wittig-Horner reaction 1s performed using a
phosphonate, such as e.g. a reagent of formula di(C, _.alky-

loxy)-P(—=0)—CH,—CH,—CN 1n the presence of a base,
preferably a strong base, 1n an aprotic organic solvent. Com-
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pounds wherein R** or R** is C,_.alkenyl or substituted
C,_salkenyl can be reduced to the corresponding saturated
alkyls, e.g. with hydrogen 1n the presence of a suitable cata-
lyst such as Raney Ni.

Compounds of formula (I) wherein R** or R** is an alde- 5
hyde can also be derivatized with a Grignard type of reaction
to introduce aryl or alkyl groups.

Nitro groups can be reduced to amino groups, which sub-
sequently may be alkylated to mono- or dialkylamino groups,
or acylated to arylcarbonylamino or alkylcarbonylamino and 10
the like groups. Cyano groups may be reduced to aminom-
cthylene groups, which similarly may be derivatized.

A number of the intermediates used to prepare the com-
pounds of formula (I) are known compounds or are analogs of
known compounds, which can be prepared following modi- 15
fications of art-known methodologies readily accessible to
the skilled person. A number of preparations of intermediates
are given herealter in somewhat more detail.

The intermediates of formula (VII) can be obtained from
the corresponding alcohols by a suitable alcohol to leaving 20
group conversion, e.g. by reaction of the alcohol with SOCIL,.
The intermediates of formula (VII) wherein G 1s a direct bond
and R' is a radical (c-4) or a similar radical, can be prepared
by a halogenation reaction of an intermediate R'—H, e.g.
with N-bromo succinimide. 25

The compounds of formula (I) may be converted to the
corresponding N-oxide forms following art-known proce-
dures for converting a trivalent mtrogen into 1ts N-oxide form.
Said N-oxidation reaction may generally be carried out by
reacting the starting material of formula (I) with an appropri- 30
ate organic or morganic peroxide. Appropriate mnorganic per-
oxides comprise, for example, hydrogen peroxide, alkali
metal or earth alkaline metal peroxides, e.g. sodium peroxide,
potassium peroxide; appropriate organic peroxides may com-
prise peroxy acids such as, for example, benzenecarboper- 35
oxoic acid or halo substituted benzenecarboperoxoic acid,
¢.g. 3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides, e.g. t.bu-
tyl hydro-peroxide. Suitable solvents are, for example, water,
lower alcohols, e.g. ethanol and the like, hydrocarbons, e.g. 40
toluene, ketones, e.g. 2-butanone, halogenated hydrocarbons,
¢.g. dichloromethane, and mixtures of such solvents.

Pure stereochemically isomeric forms of the compounds of
formula (I) may be obtained by the application of art-known
procedures. Diastercomers may be separated by physical 45
methods such as selective crystallization and chromato-
graphic techniques, e.g., counter-current distribution, liqud
chromatography and the like.

The compounds of formula (I) as prepared in the herein-
above described processes are generally racemic mixtures of 50
enantiomers which can be separated from one another fol-
lowing art-known resolution procedures. The racemic com-
pounds of formula (I) which are sufficiently basic or acidic
may be converted 1nto the corresponding diastereomeric salt
forms by reaction with a suitable chiral acid, respectively 55
chiral base. Said diastereomeric salt forms are subsequently
separated, for example, by selective or fractional crystalliza-
tion and the enantiomers are liberated therefrom by alkali or
acid. An alternative manner of separating the enantiomeric
forms of the compounds of formula (I) involves liquid chro- 60
matography, in particular liquid chromatography using a
chiral stationary phase. Said pure stereochemically 1someric
forms may also be derived from the corresponding pure ste-
reochemically 1someric forms of the appropriate starting
materials, provided that the reaction occurs stereospecifi- 65
cally. Preferably if a specific stereoisomer 1s desired, said
compound will be synthesized by stereospecific methods of
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preparation. These methods will advantageously employ
enantiomerically pure starting materials.

In a further aspect, the present invention concerns a phar-
maceutical composition comprising a therapeutically effec-
tive amount of a compound of formula (I) as specified herein,
or a compound of any of the subgroups of compounds of
formula (I) as specified herein, and a pharmaceutically
acceptable carrier. A therapeutically effective amount 1n this
context 1s an amount sufficient to prophylaxictically act
against, to stabilize or to reduce viral infection, and in par-
ticular RSV wviral infection, in infected subjects or subjects
being at risk of being infected. In still a further aspect, this
invention relates to a process of preparing a pharmaceutical
composition as specified herein, which comprises intimately
mixing a pharmaceutically acceptable carrier with a thera-
peutically effective amount of a compound of formula (1), as
specified herein, or of a compound of any of the subgroups of
compounds of formula (I) as specified herein.

Therefore, the compounds of the present invention or any
subgroup thereof may be formulated into various pharmaceu-
tical forms for administration purposes. As appropriate com-
positions there may be cited all compositions usually
employed for systemically administering drugs. To prepare
the pharmaceutical compositions of this invention, an effec-
tive amount of the particular compound, optionally 1n addi-
tion salt form or metal complex, as the active ingredient 1s
combined 1n mtimate admixture with a pharmaceutically
acceptable carrier, which carrier may take a wide variety of
forms depending on the form of preparation desired for
administration. These pharmaceutical compositions are
desirable 1 unitary dosage form suitable, particularly, for
administration orally, rectally, percutancously, or by
parenteral 1njection. For example, 1n preparing the composi-
tions 1n oral dosage form, any of the usual pharmaceutical
media may be employed such as, for example, water, glycols,
oils, alcohols and the like 1n the case of oral liquid prepara-
tions such as suspensions, syrups, elixirs, emulsions and solu-
tions; or solid carriers such as starches, sugars, kaolin, lubri-
cants, binders, disintegrating agents and the like 1n the case of
powders, pills, capsules, and tablets. Because of their ease in
administration, tablets and capsules represent the most
advantageous oral dosage unit forms, 1 which case solid
pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other ingredients,
for example, to aid solubility, may be included. Injectable
solutions, for example, may be prepared in which the carrier
comprises saline solution, glucose solution or a mixture of
saline and glucose solution. Injectable suspensions may also
be prepared 1n which case appropriate liquid carriers, sus-
pending agents and the like may be employed. Also included
are solid form preparations which are intended to be con-
verted, shortly belfore use, to liquid form preparations. In the
compositions suitable for percutaneous administration, the
carrier optionally comprises a penetration enhancing agent
and/or a suitable wetting agent, optionally combined with
suitable additives of any nature 1n minor proportions, which
additives do not introduce a significant deleterious effect on
the skin.

The compounds of the present invention may also be
administered via oral inhalation or insufllation by means of
methods and formulations employed 1n the art for adminis-
tration via this way. Thus, in general the compounds of the
present invention may be administered to the lungs in the
form of a solution, a suspension or a dry powder, a solution
being preferred. Any system developed for the delivery of
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solutions, suspensions or dry powders via oral inhalation or
insuitlation are suitable for the administration of the present
compounds.

Thus, the present invention also provides a pharmaceutical

composition adapted for administration by inhalation or
insuitlation through the mouth comprising a compound of
formula (I) and a pharmaceutically acceptable carrier. Prei-
erably, the compounds of the present invention are adminis-

tered via inhalation of a solution in nebulized or aerosolized
doses.

It 1s especially advantageous to formulate the aforemen-
tioned pharmaceutical compositions in unit dosage form for
case of administration and uniformity of dosage. Unit dosage
form as used herein refers to physically discrete units suitable
as unitary dosages, each unit containing a predetermined
quantity of active ingredient calculated to produce the desired
therapeutic effect 1n association with the required pharma-

ceutical carrier. Examples of such umt dosage forms are

tablets (including scored or coated tablets), capsules, pills,
suppositories, powder packets, walers, injectable solutions or
suspensions and the like, and segregated multiples thereof.

The compounds of formula (I) show antiviral properties.
Viral infections treatable using the compounds and methods
ol the present invention include those infections brought on
by ortho- and paramyxoviruses and in particular by human
and bovine respiratory syncytial virus (RSV). A number of
the compounds of this invention moreover are active against
mutated strains of RSV, Additionally, many of the compounds
of this mvention show a favorable pharmacokinetic profile
and have attractive properties 1n terms of bioavailabilty,
including an acceptable half-life, AUC and peak values and
lacking unfavourable phenomena such as insufficient quick
onset and tissue retention.

The 1n vitro antiviral activity against RSV of the present
compounds was tested 1n a test as described 1n the experimen-
tal part of the description, and may also be demonstrated in a
virus vield reduction assay. The in vivo antiviral activity
against RSV of the present compounds may be demonstrated
in a test model using cotton rats as described 1n Wyde et al.
(Antiviral Research (1998), 38, 31-42).

Due to their antiviral properties, particularly their anti-
RSV properties, the compounds of formula (I) or any sub-
group thereot their prodrugs, N-oxides, addition salts, qua-
ternary amines, metal complexes and stereochemically
1someric forms, are useful in the treatment of individuals
experiencing a viral infection, particularly a RSV infection,
and for the prophylaxis of these infections. In general, the
compounds of the present imnvention may be useful in the
treatment of warm-blooded animals infected with viruses, in
particular the respiratory syncytial virus.

The compounds of the present invention or any subgroup
thereof may therefore be used as medicines. Said use as a
medicine or method of treatment comprises the systemic
administration to viral infected subjects or to subjects suscep-
tible to viral imnfections of an amount effective to combat the
conditions associated with the viral infection, 1n particular the
RSV infection.

The present invention also relates to the use of the present
compounds or any subgroup thereof 1n the manufacture of a
medicament for the treatment or the prevention of viral infec-
tions, particularly RSV infection.
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The present invention furthermore relates to a method of
treating a warm-blooded animal infected by a virus, or being
at risk of infection by a virus, 1n particular by RSV, said
method comprising the admimistration of an anti-virally
elfective amount of a compound of formula (1), as specified
herein, or of a compound of any of the subgroups of com-
pounds of formula (1), as specified herein.

In general 1t 1s contemplated that an antivirally effective
daily amount would be from 0.01 mg/kg to 500 mg/kg body
weilght, more preferably from 0.1 mg/kg to 50 mg/kg body
weight. It may be appropriate to administer the required dose
as two, three, four or more sub-doses at appropriate intervals
throughout the day. Said sub-doses may be formulated as unit
dosage forms, for example, containing 1 to 1000 mg, and 1n
particular 5 to 200 mg of active ingredient per unit dosage
form.

The exact dosage and frequency of administration depends
on the particular compound of formula (I) used, the particular
condition being treated, the severity of the condition being
treated, the age, weight, sex, extent of disorder and general
physical condition of the particular patient as well as other
medication the individual may be taking, as 1s well known to
those skilled 1n the art. Furthermore, 1t 1s evident that said
elfective daily amount may be lowered or increased depend-
ing on the response of the treated subject and/or depending on
the evaluation of the physician prescribing the compounds of
the mstant invention. The effective daily amount ranges men-
tioned hereinabove are therefore only guidelines.

Also, the combination of another antiviral agent and a
compound of formula (I) can be used as a medicine. Thus, the
present ivention also relates to a product containing (a) a
compound of formula (I), and (b) another antiviral com-
pound, as a combined preparation for simultaneous, separate
or sequential use 1n antiviral treatment. The different drugs
may be combined 1n a single preparation together with phar-
maceutically acceptable carriers. For instance, the com-
pounds of the present invention may be combined with inter-
feron-beta or tumor necrosis factor-alpha 1n order to treat or
prevent RSV infections.

EXAMPLES

The following examples are intended to illustrate the
present mnvention and not to limat it thereto. The terms ‘com-
pound 1, compound 4, etc. used 1n these examples refer to the
same compounds in the tables.

The compounds were analysed by LC/MS using one of the
following methods:

LCT: electrospray 1onisation in positive mode, scanning,
mode from 100 to 900 amu; Xterra MS C18 (Waters, Milford,
Mass.) 5 um, 3.9x1350 mm); flow rate 1 ml/min. Two mobile
phases (mobile phase A: 85% 6.5 mM ammonium acetate+
15% acetonitrile; mobile phase B: 20% 6.5 mM ammonium
acetate+80% acetonitrile) were employed to run a gradient
from 100% A for 3 min to 100% B 1n 5 min., 100% B for 6 min
to 100% A 1n 3 min, and equilibrate again with 100% A for 3
min)

7Q): electrospray 1onisation 1n both positive and negative
(pulsed) mode scanming from 100 to 1000 amu; Xterra RP
C18 (Waters, Milford, Mass.) 5 um, 3.9x150 mm); flow rate
1 ml/min. Two mobile phases (mobile phase A: 85% 6.5 mM
ammonium acetate+15% acetonitrile; mobile phase B: 20%
6.5 mM ammonium acetate+80% acetonitrile) were
employed to run a gradient condition from 100% A for 3 min
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to 100% B 1n 5 min., 100% B for 6 min to 100% A 1n 3 min,

and equilibrate again with 100% A for 3 min).

Preparation of dimethylbenzimidazole-2-amines
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-continued
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Preparation of Intermediates a-3 and a-4:
A mixture of a-1 (0.0268 mol), a-2 (0.0321 mol) and potas-

sium carbonate (0.0938 mol) 1n dimethylformamide (100 ml)
were stirred at 70° C. for 12 hours. The solvent was evapo-
rated. The residue was taken up 1n 2-propanone. The precipi-
tate was filtered. The solvent of the mother layer was evapo-
rated. The residue (13.6 g) was punfied by column
chromatography over silica gel (eluent: CH,CIl,/CH,OH/
NH_,OH 92/8/0.5; 20-45 um). The pure fractions were col-
lected and the solvent was evaporated, yielding 6.2 g of a
mixture of a-3 and a-4 (50/50) (overall yield 71%).

Preparation of Intermediates a-5 and a-6:

Lithium aluminum hydride (0.0367 mol) was added por-
tion wise at 0° C. to a mixture of a-3 and a-4 (0.0184 mol) in
tetrahydrofuran (THF) (100 ml) under nitrogen flow. The
mixture was stirred at 5° C. for 30 minutes, then at room
temperature for 2 hours. Ethylacetate (5 ml) then H,O (5 ml)
were added drop wise at 0° C. The mixture was filtered over
celite. Celite was washed with THF and then water. The
filtrate was extracted with a solution of CH,Cl, with 10% of
methanol. The organic layer was dried over magnesium sul-
fate, filtered and concentrated. The residue (5 g) was purified

by column chromatography over silica gel (eluent CH,Cl,/
CH,OH/NH_,OH 92/8/0.5; 15-40 um). Two fractions were




US 8,044,073 B2

27

collected and the solvent evaporated, yielding 1.45 g of a-5
(28%, melting point: >250° C.)and 1.4 gotfa-6 (27%, melting
point 222° C.).

Preparation of Intermediate a-7:

MnOQO, (10 g) was added to a mixture ot a-5 (0.0035 mol) 1n
CH,CL,/THF (50 ml, 50/50) and methanol (5 ml). The reac-
tion was stirred at room temperature for 3 hours, and then
filtered over celite. Celite was washed with CH,Cl,/methanol
(90/10). The filtrate was evaporated, yielding 0.6 g of a-7
(60%). This product was used directly in the next reaction
step.

Preparation of Intermediate a-8:

This intermediate was prepared analogous to the procedure
for preparing intermediate a-7.

Preparation of Compounds of Formula a-9 and a-10:

Variant 1: Meta-methylaniline (0.0017 mol) was added at
room temperature to a mixture of a-7 (0.0017 mol) and
CH,CI1, (15 ml). The mixture was stirred at room temperature
for 30 minutes. Acetic acid (0.5 ml) and NaBH,CN (0.0017
mol) were added at room temperature. The reaction mixture
was stirred at room temperature for 5 hours, poured into water
saturated with K,CO,; and extracted with CH,CI,. The
organic layer was washed with H,O, dried over magnesium
sulfate, filtered, and the solvent was evaporated. The residue
(0.45 g) was purified by column chromatography over silica
gel (eluent: CH,C1,/CH,;OH/NH_,OH 90/10/0.5; 15-35 um).
The pure fractions were collected and the solvent was evapo-
rated. The residue (0.26 g, 40%) was crystallized from 2-pro-
panone/diethyl ether. The precipitate was filtered off and
dried, yielding 0.195 g (30%, compound 1, melting point
234° C.) of 2-[2- Amino-6-(m tolylamino-methyl)-benzoimi-
dazol-1-ylmethyl]-6-methyl-pyridin-3-ol.

Variant 2: A mixture of a-7 (0.001 mol), meta-(OCF,)-
aniline (0.0015 mol), supported cyano-borohydride (0.0021
mol) and acetic acid (6 drops) in methanol was stirred at room
temperature for 48 hours, and then filtered. The filtrate was
evaporated. The residue was taken up in CH,Cl,/methanol.
The organic layer was washed with a solution of K,CO, 10%,
dried over magnesium sulfate, filtered and the solvent was
evaporated. The residue (0.42 g) was punfied by column
chromatography over silica gel (eluent: CH,CIl,/CH,OH/
NH_,OH 93/7/0.5; 15-35 um). The pure fractions were col-
lected and the solvent was evaporated. The residue (0.15 g,
32%) was crystallized from CH,CN/methanol. The precipi-
tate was filtered oif and dried, yielding 0.085 g (18%, com-
pound 4, melting point 156° C.) of 2-{2- Amino-6-[ (3-trifluo-
romethoxyphenylamino)-methyl]-benzoimidazol-1-
ylmethyl}-6-methyl-pyridin-3-ol.

Variant 3: Ortho-methylamiline (0.000265 mol) was added
to solution of a-7 (0.000177 mol) in methanol (7 ml). Acetic
acid (3 drops) and cyano borohydride on solid support
(0.000265 mol) were then added. The reaction was carried out
at room temperature for 48 h. The supported reagent was
filtered off. Triethylamine (0.2 ml) was added to the filtrate.
The solvent was evaporated. The residue was purified by

column chromatography over silica gel (eluent CH,CIL,/
CH;OH/NH_,OH 90/10/0.5; 10 pm).

The pure fractions were collected and the solvent was
evaporated. The residue (0.050 g, 65%) was crystallized from
duisopropyl-ether. The precipitate was filtered ofl and dried,
yielding 0.027 g (35%, compound 8, melting point 120° C.)
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of 2-[2-Amino-6-(o-tolylamino-methyl)-benzoimidazol-1-
ylmethyl]-6-methyl-pyridin-3-ol acetic acid salt.

Example 2

Preparation of 6-aminomethyl substituted
benzimidazole-2-amines

Scheme B
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Preparation of Intermediate b-2:
SOCI, (0.0021 mol) was added drop wise at 5° C. to a
solution of b-1 (0.0014 mol) in CH,Cl,, (10 ml). The mixture

was stirred at room temperature for 4 hours. The precipitate

was filtered, washed with CH,Cl,, then with diisopropyl ether
and dried, yielding 0.49 g o1 b-2 (100%).

Preparation of Compounds of Formula b-3

Variant 1: A mixture of b-2 (0.0008 mol), (N-ethanol)-
meta-methylaniline (0.0013 mol) and potasstum carbonate
(0.003 mol) in dimethylformamide (5 ml) was stirred at 80°
C. for 12 hours, poured into water and extracted with CH,CL,.
The organic layer was washed with water, dried over magne-
sium sulfate, filtered and the solvent was evaporated. The
residue (0.4 g) was purified by column chromatography over
silica gel (eluent: CH,CIl,/CH,OH/NH_,OH 93/7/0.5; 15-35
um). The pure fractions were collected and the solvent was
evaporated. The residue (0.13 g, 35%) was crystallized from
methanol. The precipitate was filtered off and dried, yielding
0.06 g (16%, compound 129, melting point 210° C.) of 2-(2-
amino-6-{[(2-hydroxy-ethyl)-m-tolyl-amino]-methyl } -ben-
zoimidazol-1-ylmethyl)-6-methyl-pyridin-3-ol.

Variant 2:
a) 3-bromo-butyric acid ethyl ester (0.029 mol) and triethy-

lamine (0.0436 mol) were added to a solution of 3-bromo-
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aniline (0.029 mol) 1n toluene (50 ml). The reaction was
stirred under reflux for 12 hours and then cooled down to
room temperature. The precipitate was filtered off. The
solvent was evaporated under reduced pressure. The resi-
due was purified by column chromatography over silica gel
(eluent: Cyclohexane:AcOEt 80/20; 20-45 um). The pure
fractions were collected and the solvent was evaporated,
yielding 5 g of 4-(3-bromo-phenylamino)-butyric acid
cthyl ester (60%, melting point: 65° C.).

b) 4-(3-Bromo-phenylamino)-butyric acid ethyl ester

(0.00524 mol) in tetrahydrofuran (15 ml) was added drop
wise to slurry of L1AIH, (0.00786 mol) in tetrahydrofuran
(15 ml) at 5° C. under N, tflow. The reaction was stirred at
5° C. for 1 hour. Ethylacetate and water were added care-
fully. The reaction was extracted with a mixture CH,Cl,/
methanol (90/10). The organic layer was separated, dried
(over MgSQO,) and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by col-
umn chromatography over silica gel (eluent CH,Cl,/
CH,OH/NH_,OH 96/4/0.3; 15-40 um). The pure tractions

were collected and the solvent was evaporated, yielding
0.76 g of 4-(3-bromophenylamino)-butan-1-ol (60%).
2-(2-Amino-6-{[ (3-bromo-phenyl)-(4-hydroxy-butyl)-
amino |-methyl }-benzoimidazol-1-ylmethyl)-6-methyl-
pyridin-3-ol (compound 139, melting point 120° C. gum)
was synthesized starting from 4-(3-bromo-phenylamino)-
butan-1-ol 1n a way analogous to the procedure described
in variant 1 for the synthesis of compounds b-3.
Variant 3:

a) A mixture of 3-(3-bromo-aniline)-propionic acid ethyl

ester (0.0037 mol) and a saturated solution of NH; in
methanol (15 ml) were heated at 80° C. 1n a PARR appa-
ratus for 12 hours. The reaction was cooled down to room
temperature and the solvent was evaporated under reduced
pressure. The residue was purified by column chromatog-
raphy over silica gel (eluent: Cyclohexane:ethylacetate
80/20; 20-45 um). The pure fractions were collected and
the solvent was evaporated, yielding 0.75 g o 3-(3-bromo-
phenylamino)-propionamide (83%).
3-[[2-Amino-3-(3-hydroxy-6-methyl-pyridin-2-ylm-
cthyl)-3H-benzoimidazol-5-ylmethyl]-(3-bromo-phenyl)-
amino|-propionamide (compound 137, melting point:
245° C.) was synthesized starting from 3-(3-bromo-phe-
nylamino)-propionamide 1n a way analogous to the proce-
dure described 1n variant 1 for the synthesis of compounds
b-3.
Variant 4:
a) K,CO, (0.0109 mol) and 4-(2-chloro-ethyl)-morpholine (1
HCI) (0.0036 mol) were added to a solution of 2-ethanol-
aniline (0.0036 mol) 1n CH,CN (15 ml). The reaction was
stirred at 80° C. for 24 hours and then cooled down to room
temperature. The precipitate was filtered off and rinsed
with CH,CN. The solution was concentrated under
reduced pressure. The residue was purified by column
chromatography over silica gel (eluent CH,CI,/CH,OH/
NH_,OH 98/2/0.1; 35-70 um). The pure fractions were col-
lected and the solvent was evaporated, yelding 0.7 g of
2-[2-(2-morpholin-4-yl-ethylamino)-phenyl]-ethanol
(77%).
2-(2-Amino-6-1{[[2-(2-hydroxy-ethyl)-phenyl]-(2-mor-
pholin-4-yl-ethyl)-amino]-methyl } -benzoimidazol-1-yl-
methyl)-6-methyl-pyridin-3-o0l (compound 160, melting
point: 184° C.) was synthesized starting from 2-[2-(2-mor-
pholin-4-yl-ethylamino)-phenyl]-ethanol 1n a way analo-
gous to the procedure described in variant 1 for the synthe-
s1s of compounds b-3.
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Variant 3:

Lithium hydroxide hydrate (0.00093 mol) was added to a
solution of 3-{[2-amino-3-(3-hydroxy-6-methyl-pyridin-2-
ylmethyl)-3H-benzoimidazol-5-ylmethyl]-m-tolylamino} -
propionic acid ethyl ester (0.000464 mol) 1in a mixture of
water (10 ml) and tetrahydrofuran (10 ml). The reaction was
stirred at room temperature for 12 hours. The tetrahydrofuran
was removed under reduced pressure and the solution was
acidified to pH 4 with a 1N solution of HCI 1n water. The
precipitate was filtered ofl, rinsed with water, then with
diethyl ether and dried, yielding 0.157 g of 3-{[2-amino-3-
(3-hydroxy-6-methyl-pyridin-2-ylmethyl)-3H-benzoimida-
zol-5-ylmethyl]-m-tolyl-amino } -propionic acid (76%, com-
pound 161, melting point 165° C.).

Variant 6:

a) A mixture of b-2 (0.0016 mol), N-(ethylamino-Boc)-meta-
methylamiline (0.0016 mol) and K,CO, (0.0048 mol) 1n
dimethylformamide (10 ml) was stirred at 80° C. for 12
hours. The reaction was poured into water and extracted
with CH,Cl,/methanol. The organic layer was washed
with water, dried over magnesium sulfate, filtered and the
solvent was evaporated. The residue (4 g) was purified by
column chromatography over silica gel (eluent CH,Cl,/
CH,OH/NH_,OH 95/5/0.5; 10 um). The pure fractions
were collected and the solvent was evaporated, yielding
0.11 g (13%) of 2-{2-Amino-6-[(propyl-m-tolyl-amino)-
methyl]-benzoimidazol-1-ylmethyl }-6-methyl-pyridin-3-
ol (b-4).

b) A solution of HCI 5-6N 1n 2-propanol (0.5 ml) was added
at room temperature to a mixture of b-4 (0.0002 mol) 1n
2-propanol (15 ml). The mixture was stirred at 60° C. for 2
hours, and then cooled to room temperature. The precipi-
tate was filtered off, washed with diethyl ether and dried,
yielding 0.075 g (65%, compound 131, melting point: 200°
C.) of 2-(2-amino-6-{[(2-amino-ethyl)-m-tolyl-amino]-
methyl }-benzoimidazol-1-ylmethyl)-6-methyl-pyridin-3-
ol HCI salt.

Example 3

Synthesis of 5- and 6-formyl substituted
benzimidazole-2-amines

Scheme C
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Preparation of Intermediates ¢-3 and c-4:

Intermediate ¢-2 (0.051 mol) was added at room tempera-
ture to a mixture of intermediate ¢-1 (0.051 mol) and K,CO,
(0.053 mol) in DMF (150 ml). The mixture was stirred at
room temperature for 24 hours. The solvent was evaporated.
The residue was taken up 1n CH,Cl,. The organic layer was
washed with H,O, saturated with NaCl, dried (over MgSQO,,),
filtered and the solvent was evaporated. The residue (24 g)
was purified by column chromatography over silica gel (elu-
ent CH,Cl,/CH;OH/NH_OH 96/4/0.1; 20-45 um). The pure
fractions were collected and the solvent was evaporated,
yielding: 13.4 g of intermediates c-3+c-4 (63%).

Preparation of Intermediates c-5 and c-6:

L1AIH, (0.0619 mol) was added portion wise at 5° C. to a

mixture of ¢c-3+c-4 (0.031 mol) in THF (150 ml) under N,
flow. The mixture was stirred at 5° C. for 30 minutes, and then

stirred at room temperature for 2 hours. H,O (10 ml) was
added drop wise slowly at 0° C. EtOAc (100 ml) was added.
The mixture was filtered over celite. Celite was washed with
EtOAc, then with CH,CL,/CH,OH. The filtrate was evapo-
rated. The residue was taken up 1n CH,CIl,/CH,OH. The
organic layer was washed with H,O, dried (over MgSQO,),
filtered and the solvent was evaporated. The residue (10.2 g)
was purified by column chromatography over silica gel (elu-
ent CH,CL,/CH,OH/NH_,OH 94/6/0.5; 15-40 um). The pure
fractions were collected and the solvent was evaporated,
yielding: 3 g of intermediate ¢-5 (26%, melting point: 216°
C.) and intermediate ¢c-6 (20%).

Preparation of Intermediate c-7:

MnQO, (20 g) was added portion wise at room temperature
to a mixture of c¢-5 (0.008 mol) in CH,Cl, (200 ml). The
mixture was stirred at room temperature for 4 hours, and then
filtered over celite. Celite was washed with CH,Cl1,/CH,OH
(70/30). The filtrate was evaporated. Yield: 2.65 g of interme-
diate c-7 (89%, melting point: 199° C.).
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Preparation of Intermediate ¢-8:
This intermediate was synthesized according to the proce-
dure described for intermediate c-7.

Example 4

Synthesis of hydroxymethylene substituted
benzimidazole-2-amines

Scheme D
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Preparation of Intermediate d-3:

A mixture of d-1 (0.0292 mol), d-2 (0.0438 mol) and NEt,
(0.0584 mol) 1n CH;CN (150 ml) was stirred and refluxed for
12 h, then cooled to room temperature and the solvent was
evaporated. The mixture was poured 1nto water and extracted
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with EtOAc. The organic layer was separated, dried (over
MgSO,), filtered and the solvent was evaporated. The residue

(12.5 g) was purified by column chromatography over silica

gel (eluent: CH,C1,/EtOAc 96/4; 20-45 um). Yield: 2 g of
intermediate d-3 (45%, melting point: 140° C.).

Preparation of Intermediate d-4:

A mixture of d-3 (0.0081 mol) and Raney Nickel (3 g) 1n
CH,OH (100 ml) was hydrogenated at room temperature for
2 hours, then filtered over celite. Celite was washed with

CH,OH. The filtrate was concentrated, yielding 2.9 g of inter-
mediate d-4 (100%).

Preparation of Intermediate d-3:

A mixture of b-4 (0.0083 mol) and BrCN (0.0091 mol) 1n
EtOH (50 ml) was stirred and refluxed for 1 h, then cooled to
room temperature and the solvent was evaporated. The resi-
due was taken up in CH,Cl,. The organic layer was washed
with a solution of K,CO; 10%, dried (over MgSQO.,,), filtered

and the solvent was evaporated. The residue (3 g) was crys-
tallized form CH,CN. The precipitate was filtered ott and

dried, yvielding 2.2 g of intermediate d-5 (71%).

Example 5

Synthesis of arylamino substituted
benzimidazole-2-amines
Scheme E
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Preparation of 3-(4-methyl-2-nitro-phenyl)-prop-2-
en-1-ol, intermediate (e-2)

Dibal-H (0.0255 mol) was added at —35° C. to a mixture of
3-(4-methyl-2-nitro-phenyl)-acrylic acid ethyl ester (0.0085
mol) in THF (80 ml) under N, flow. The mixture was stirred
at —35° C. for 15 minutes. H,O (20 ml) was added drop wise
at =35° C. under N, flow. The mixture was halt-evaporated.
CH,Cl, was added. The mixture was filtered over celite.
Celite was washed with CH,Cl,. The filtrate was washed with
H,O. The organic layer was separated, dried (over MgSQO,,),
filtered and the solvent was evaporated. Yield: 2 g of 3-(4-

Methyl-2-nitro-phenyl)-prop-2-en-1-ol (e-2) (100%).

Preparation of intermediate 3-(2-Amino-4-methyl-
phenyl)-propan-1-ol (e-3)

A mixture of 3-(4-Methyl-2-nitro-phenyl)-prop-2-en-1-ol
(e-2) (0.0085 mol) and Raney Nickel (1.6 g) in MeOH (30 ml)
was hydrogenated at room temperature for 2 hours under a 3
bar pressure, then filtered over celite. Celite was washed with
CH,OH. The filtrate was evaporated. Yield: 1.7 g of 3-(2-
Amino-4-methyl-phenyl)-propan-1-ol (e-3) (86%, melting
point: 65° C.).

Preparation of Intermediate e-3:

AcOH (10 drops) then BH,CN— on solid support (0.007
mol) were added at room temperature to a mixture of e-4
(0.0035 mol) and 3-(2-amino-4-methyl-phenyl)-propan-1-01
(e-3) (0.0052 mol) in MeOH (50 ml). The mixture was fil-
tered, and then washed with CH,OH. The filtrate was evapo-
rated. The residue was taken up in CH,Cl,/CH,OH. The
organic layer was washed with K,CO, 10%, dried (over
MgSQO,), filtered and the solvent was evaporated until dry-
ness. The residue (2.7 g) was purified by column chromatog-
raphy over silica gel (eluent: CH,Cl1,/CH,OH/NH_OH 95/5/
0.1). The pure fractions were collected and the solvent was
evaporated. Yield: 1.3 g (71%). This fraction was crystallized
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from 2-propanone/diethyl ether. The precipitate was filtered
off and dried. Yield: 0.026 g of intermediate e-5 (compound
28, melting point: 129° C.).

Preparation of Final Compound e-6:

A mixture of e-5 (0.0024 mol) and Pd/C (0.3 g) in CH,OH

(60 ml) was hydrogenated at room temperature for 1 hour and
30 minutes under a bar pressure, and then filtered over celite.
Celite was washed with CH,OH. The filtrate was evaporated.

The residue (1.1 g) was purified by column chromatography
over silica gel (elvent CH,CL,/CH,OH/NH,OH 90/10/0.1;

15-40 um). The pure fractions were collected and the solvent
was evaporated. The residue (0.88 g) was crystallized from
2-propanone/diethyl ether. The precipitate was filtered off
and dried. Yield: 0.735 g of final compound e-6 (68%, com-
pound 90, melting point: 248° C.).

Example 6

Synthesis of arylamino substituted
benzimidazole-2-amines
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Preparation of intermediate 2-(4-Bromo-2-nitro-
phenyl)-ethanol (1-2)

A mixture of 4-bromo-1-methyl-2-nitro-benzene (1-1)
(0.01134 mol) and paraformaldehyde (0.009 mol) in DMSO
(5 ml) and Triton-B (035 ml) was stirred at 50° C. for 2 hours,
then cooled to room temperature and purified by column
chromatography over silica gel (eluent: CH,CIl,/CH,OH
08.5/1.5; 35-70 um). The pure fractions were collected and
the solvent was evaporated. Yield: 1.18 g of 2-(4-Bromo-2-
nitro-phenyl)-ethanol (1-2) (42%).

Preparation of intermediate 2-(2-Amino-4-bromo-
phenyl)-ethanol (1-3)

A mixture of 2-(4-Bromo-2-nitro-phenyl)-ethanol (1-2)
(0.00203 mol) and Raney Nickel (0.5 g) 1n MeOH (20ml) and
thiophene (0.5 ml) was hydrogenated at room temperature for
2 hours under a 3 bar pressure, then filtered over celite. Celite
was washed with CH,OH. The filtrate was concentrated.
Yield: 1.7 g of 2-(2-Amino-4-bromo-phenyl)-ethanol (1-3)
(91%).

Preparation of Final Compound 1-35 (Compound 93):

This compound was synthesized according to the proce-
dure described for compound e-5.

Example 7

Synthesis of ethynylphenylamino substituted
benzimidazole-2-amines

Scheme G
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-continued
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Preparation of Intermediate g-2:

Disopropyl-ethylamine (23.5 ml) was added drop wise to a
mixture of g-1 (0.0047 mol), Pd(PPh,),Cl, (0.0002 mol) and

Cul (0.0002 mol) in THF (50 ml) under N, tlow. Ethynyl-
trimethyl-silane (0.0095 mol) was added drop wise at room
temperature. The mixture was stirred at 50° C. for 12 hours
under N, tlow, poured mto H,O and extracted with EtOAc.
The organic layer was washed with H,O, dried (over
MgSQO,), filtered and the solvent was evaporated. The residue
(3.1 g) was purified by column chromatography over silica
gel (eluent: CH,C1,/CH,OH 99/1). The pure fractions were
collected and the solvent was evaporated. Yield: 1 g of inter-
mediate e-2 (80%).

Preparation of Intermediate g-3:

T1Cl; (0.0334 mol) was added drop wise at 0° C. to a
mixture of g-2 (0.0041 mol) in THF (50 ml). The mixture was
stirred at room temperature for 12 hours. EtOAc was added.
The mixture was washed several times with H,O, washed
with a solution K,CO, 10%, and finally with H,O. The
organic layer was separated, dried (over MgSQ,), filtered and
the solvent was evaporated. Yield: 0.82 g of intermediate g-3
(84%).

Preparation of Intermediate g-4:

A mixture of g-3 (0.0022 mol) and K,CO, (0.0066 mol) in
CH,OH (20 ml) and H,O (4 ml) was stirred at room tempera-
ture for 2 hours. The solvent was evaporated until dryness.
The residue was taken up 1n CH,CI,/H,O. The organic layer
was washed with H,O, dried (over MgSQO,), filtered and the
solvent was evaporated, yielding: 0.29 g of intermediate g-4

(81%).
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Preparation of Final Compound g-6:

This compound was synthesized according to the proce-
dure described for compound ¢-35 (yield: 33%, compound 92,
melting point: 252° C.).

Example 8

Synthesis of alkylsulfonylphenylamino substituted
benzimidazole-2-amines
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Preparation of Intermediate h-2:
A mixture of h-1 (0.0092 mol), 2-mercapto-ethanol

(0.0102 mol)and K,CO, (0.0139 mol) in CH,CN (50 ml) was
stirred and refluxed for 6 hours, then poured into H,O and
extracted with EtOAc. The organic layer was washed with
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H,O, dried (over MgSQO,), filtered and the solvent was evapo-
rated. Yield: 2.1 g of intermediate h-2 (100%). This fraction
was used directly in the next reaction step.

Preparation of Intermediate h-3:

A mixture of h-2 (0.0098 mol) and Raney Nickel (2 g) 1n
CH,OH (50 ml) was hydrogenated at room temperature for 1
hour under a 3 bar pressure, then filtered over celite. Celite
was washed with CH,OH. The filtrate was evaporated. Yield:
1.5 g of intermediate h-3 (83%).

Preparation of Intermediate h-4:

Sodium perborate (NaBO;, 0.005 mol) was added portion
wise at 0° C. to amixture of h-3 (0.0025 mol) in AcOH (5 ml).
The mixture was stirred at room temperature for 12 hours,
poured on ice, basified with K,CO, and extracted with
EtOAc. The organic layer was separated, dried (over
MgSQ,), filtered and the solvent was evaporated until dry-
ness. The residue (0.46 g) was purified by column chroma-
tography over silica gel (eluent CH,Cl,/CH,OH 98/2; 10
um). The pure fractions were collected and the solvent was
evaporated. Yield: 0.16 g of intermediate h-4 (30%).

Preparation of Final Compound h-6 (Compound 100,
Melting Point: >260%):

This compound was synthesized according to the proce-
dure described for compound e-6.

Example 9
Synthesis of phenylamino substituted
benzimidazole-2-amines
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HoN CO>H
2 N /‘\ / 2
‘ EtOH
T
HzN/\( H5504
i-1
H>N CO,Et
2 \ / 2
‘ BrCN
-
LN F EtOH
H
N
H2N4<
\N i-4 _
K,CO3, DMF
1-3
HOw—_/ \
————
N
LiAlH,
CO,LEt
N ——
H2N4<\ ‘
N..---"""" \(



US 8,044,073 B2

41
-continued
Ho—_/ \
——,
N
MIlOz
N
< D CH,CL,/McOH
H>N \ ‘
N F

How_y/ \ |

"'h-.___-

N \/\/NH2

N
\O \/
BN\ BH.CN— supported
3 pporte

N AcOH/MeOH
-7
Ho—_/ \
N E/ X

1-8

Preparation of Intermediate 1-2:
A mixture of 1-1 (0.0185 mol) in ethanol (60 ml) and

H,SO, 36N (3 ml) was stirred and refluxed for 24 hours. The

solvent was evaporated. The residue was taken up 1n CH,CL,.
The organic layer was washed with a solution of K,CO, 10%
in water, dried over magnesium sulfate, filtered and the sol-
vent was evaporated, yielding 3.2 g o1 1-2 (89%). This crude
fraction was used directly 1n the next step.

Preparation of Intermediate 1-3:

A mixture of 1-2 (0.0144 mol) and BrCN (0.0138 mol) 1n
cthanol (30 ml) was stirred and refluxed for 2 hours. The
solvent was evaporated. The residue was taken up 1n K,CO,
10% 1n water, extracted with CH,Cl,/methanol. The organic
layer was separated, dried over magnesium sulfate, filtered
and the solvent was evaporated, yielding 2.3 g o1 1-3 (73%).
This crude fraction was used directly 1n the next step.

Preparation of Intermediate 1-3:

A mixture of ¢-3 (0.0095 mol), 1-4 (0.0115 mol) and
K,CO,; (0.0335 mol) in dimethylformamide (50 ml) was
stirred at 70° C. for 12 hours, then cooled to room temperature
and taken up in 2-propanone. The precipitate was filtered and
washed with 2-propanone. The filtrate was evaporated. The
residue (4.5 g) was crystallized from CH,Cl,/methanol. The
precipitate was filtered off and dnied, yielding 2.4 g of c-5
(74%, melting point >250° C.).

Preparation of Intermediate 1-6:

L1AIH, (0.0106 mol) was added portion wise at 5° C. to a
mixture of 1-5 (0.0052 mol) in THF (50 ml) under nitrogen
flow. The reaction was stirred at 5° C. for 30 minutes then at
room temperature for 6 hours. Water was added carefully. The
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mixture was filtered through a pad of celite. The pad was
washed with water, then with THF. The filtrate was evapo-
rated. The residue was taken up 1 CH,Cl,/methanol. The
organic layer was separated, dried over magnesium sulfate,
filtered and the solvent was evaporated, yielding 1.7 g o1 1-6
(100%).

Preparation of Intermediate 1-7:

MnQ, (4 g) was added portion wise at room temperature to
a mixture of 1-6 (0.0013 mol) in CH,Cl, (20 ml) and metha-
nol (2 ml). The reaction was stirred at room temperature for
30 minutes, and then filtered through a pad of celite. The pad
was washed with CH,Cl,/methanol. The filtrate was evapo-
rated, yielding 0.5 g of 1-7 (69%).

Preparation of Compound I-8:

A mixture of 1-7 (0.0006 mol), m-methylaniline (0.0008
mol), supported cyanoborohydride (0.001 mol) and acetic
acid (6 drops) in methanol (20 ml) was stirred at room tem-
perature for 48 hours, then filtered and washed with CH,Cl,/

methanol. The filtrate was evaporated. The residue (0.32 g)
was purified by column chromatography over silica gel (elu-

ent CH,Cl,/methanol/NH_,OH 90/10/0.5; 10 um). The pure
fractions were collected and the solvent was evaporated. The

residue (0.054 g, 31%) was crystallized from diethyl ether.
The precipitate was filtered off and dried, yielding 0.036 g

(21%) of 2-[2-amino-4-methyl-6-(m-tolylamino-methyl)-
benzoimidazol-1-ylmethyl]-6-methyl-pyridin-3-ol.

Example 10

Synthesis ol aminoalkyl substituted
benzimidazole-2-amines
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Preparation of Intermediate 3-2:

Diethylcyanomethyl phosphonate (0.0021 mol) was added
drop wise at 5° C. to a solution of NaH (0.0043 mol) in THF
(10 ml) under nitrogen flow. The mixture was stirred at 5° C.
for 30 minutes under nitrogen flow. 1-1 (0.0007 mol) was
added portion wise. The mixture was stirred at 5° C. for 1
hour, and then stirred at room temperature for 12 hours and
poured onto 1ce. The aqueous layer was saturated with K, CO,
and extracted with CH,Cl,/methanol. The organic layer was
separated, dried over magnesium sulfate, filtered and the sol-
vent was evaporated, yielding 0.5 g o1 1-2 (100%). This crude
product was used directly 1n the next reaction step.

Preparation of Intermediate 7-3:

A mixture o17-2 (0.0007 mol) and Pd/C (0.1 g) 1n methanol
(20 ml) was hydrogenated at room temperature for 12 hours
under a 3 bar pressure, and then filtered through a pad of
celite. The pad was washed with methanol. The filtrate was
evaporated. The residue was purified by column chromatog-
raphy over silica gel (eluent CH,Cl,/methanol/NH,OH
90/10/0.5; 15-40 um). The pure fractions were collected and
the solvent was evaporated. The residue (0.25 g, 100%) was
crystallized from CH,CN/diisopropyl ether. The precipitate
was liltered off and dnied, yielding 0.055 g of 1-3 (25%,

compound 198, melting point 242° C.).

Preparation of Compound j-4:

A mixture of 1-3 (0.0006 mol) and Raney Nickel (0.2 g) 1n
methanol/NH, 7N (30 ml) was hydrogenated at room tem-
perature for 12 hours under a 3 bar pressure, and then filtered
through a pad of celite. The pad was washed with methanol.
The filtrate was evaporated. The residue was dissolved 1n
1sopropanol/HCI and converted into the hydrochloric acid
salt. The precipitate was filtered off and dried, yielding 0.038
g ol 1-4 (22%, compound 196, melting point: 193° C.).

Example 11

Synthesis of dimethyl substituted
benzimidazole-2-amines
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-continued
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A mixture ofk-1 (0.031 mol), k-2 (0.0372 mol) and K,CO,
(0.0183 mol) 1n dimethylformamide (150 ml) was stirred at
70° C. for 24 hours. The solvent was evaporated. The residue
was taken up 1n CH,Cl,. The organic layer was washed with
water, dried over magnesium sulfate, filtered and the solvent
was evaporated. The residue (12 g) was purified by column
chromatography over silica gel (eluent: CH,Cl,/methanol/
NH_,OH 90/10/0.5; 20-45 um). The pure fractions were col-
lected and the solvent was evaporated. The residue (6.8 g,

78%) was crystallized from CH,CN/duisopropyl ether. The
precipitate was filtered off and dried, yielding 0.506 g of k-3
(compound 199, melting point: >260° C.).

Example 12
Synthesis of phenyl(hydroxymethyl) substituted
benzimidazole-2-amines
Scheme [,
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Bromobenzene (0.0026 mol) was added drop wise to a
mixture of magnesium (0.0026 mol) in THF (3 ml) under
nitrogen flow. The mixture was stirred at room temperature
under nitrogen tlow until the magnesium disappeared. 1-1
(0.0002 mol) was added portion wise. The mixture was stirred
at room temperature for 2 hours. A solution of NH,Cl 10% 1n
water (3 ml) was added drop wise at 0° C. The mixture was
extracted with CH,Cl,. The organic layer was separated,
dried over magnesium sulfate, filtered and the solvent was
evaporated. The residue (0.2 g) was purified by column chro-
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matography over silica gel (eluent: CH,Cl,/methanol/
NH_,OH 90/10/0.5; 5 um). The pure fractions were collected

and the solvent was evaporated, yielding 0.035 g o11-2 (com-
pound 197, 36%).

Example 13

Synthesis of
1 -(pyridinylmethyl)-6-benzoylamido-benzimidazoles

Scheme M
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-continued
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Preparation of the Mixture of Intermediates m-3 and m-4:

m-2 (0.0368 mol) was added to a mixture of m-1 (0.03 mol)

and K,CO, (0.107 mol) in CH,CN (200 ml). The reaction was
stirred and refluxed 12 hours. The solvent was evaporated.

The residue was taken up 1n CH,Cl,. The organic layer was
washed with water, dried over magnesium sulfate, filtered and

the solvent was evaporated, yielding 15.5 g of a mixture of
m-3 and m-4 (100%).

Preparation of Intermediates m-5 and m-6:

A mixture of m-3 and m-4 (0.03 mol) and Raney Nickel (11
g) 1n methanol (200 ml) was hydrogenated at room tempera-
ture for 1 hour under a 3 bar pressure, and then filtered
through a pad of celite. The pad was washed with methanol.
The filtrate was evaporated. The residue (12 g) was purified
by column chromatography over silica gel (eluent: CH,Cl,/
methanol/NH,OH 97/3/0.1; 20-45 um). The pure fractions
were collected and the solvent was evaporated, yielding 5 g of
m-5 (48%) and 4.8 g of m-6 (45%).

Preparation of Intermediate m-7/:

Benzoic acid (0.0005 mol) was added at room temperature
to a mixture of m-5 (0.0005 mol) and 1-(3-dimethylamino-

propyl)-3-ethylcarbodiimide hydrochloride (0.0006 mol) in
CH,CI, (53 ml). The reaction was stirred at room temperature

for 12 hours and poured into water. The organic layer was
separated, dried over magnesium sulfate, filtered and the sol-
vent was evaporated, yielding: 027 g of m-7 (100%). The
crude compound was used in the next reaction step.

Preparation of Compound m-8:

A mixture of m-7 (0.0005 mol) and Pd/C (0.05 g) in metha-
nol (30 ml) was hydrogenated at room temperature for 8 hours
under a 5 bar pressure, and then filtered through a pad of
celite. The pad was washed with methanol. The filtrate was
evaporated. The residue (0.42 g) was purified by column
chromatography (eluent: CH,Cl,/methanol/NH,OH 95/5/

0.5; 10 um). The pure fractions were collected and the solvent

was evaporated. The residue (0.09 g, 43%) was crystallized
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from ethanol. The precipitate was filtered ot and dried, yield- -continued

ing 0.057 g of m-8 (27%, compound 198, melting point: Ho~/
>250° C.). \
——
N
Example 14
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Synthesis of 1-(pyridylmethyl)5- and
6-formyl-benzimidazoles
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55  Preparation of the Mixture of Intermediates n-3 and n-4:
1O / A mixture ot n-1 (0.0708 mol), n-2 (0.077 mol) and K,CO,
\ (0.02455 mol) 1n dimethylformamide (130 ml) was stirred at
= 70° C. for 24 hours. The solvent was evaporated. The residue
was taken up 1n CH,Cl,. The organic layer was washed with
water, dried over magnesium sulfate, filtered and the solvent
N AN - was evaporated. The residue was taken up in acetone. The
<\ ‘ precipitate was filtered off and dried, yielding 16.2 g of a
N P \/OH mixture of p-3 and n-4 (74%).
Preparation of Intermediates n-5 and n-6:
n-6 65  Li1AlH, (0.052 mol) was added portion wise at 5° C. to a

mixture of n-5 and n-6 (0.026 mol) in THF (160 ml) under
nitrogen flow. The reaction was stirred at 5° C. for 2 hours.

/§

{

MH02 60
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Ethyl acetate and water were added carefully. The mixture
was liltered through a pad of celite. The pad was washed with
water, then with THF. The filtrate was evaporated. The resi-
due was taken-up 1n CH,Cl,/methanol. The organic layer was
separated, dried over magnesium sulfate, filtered and the sol-
vent was evaporated, yielding 13 g of the mixture of n-5 and
n-6 (92%). The two compounds were separated by column
chromatography over silica gel (eluent: CH,Cl,/methanol/
NH_,OH 90/10/0.5; 10 um).

Preparation of Intermediate n-7:

MnO, (36 g) was added to a mixture of n-5 (0.014 mol) 1n
CH,CL,/THF (400 ml) and methanol (20 ml). The reaction
was stirred at room temperature for 3 hours, and then filtered
through a pad of celite. The pad was washed with CH,Cl,/
methanol. The filtrate was evaporated, yielding 3.5 g of n-7
(93%). This product was used directly in the next reaction
step.

Preparation of Intermediate n-9:

Diethylcyanomethyl phosphonate (0.0033 mol) was added
drop wise at 5° C. to a mixture of NaH (0.0011 mol) in THF
(15 ml) under nitrogen flow. The mixture was stirred at 5° C.
for 30 minutes under nitrogen flow. A solution of n-7 (0.0011
mol) in THF (15 ml) was added drop wise at 5° C. The
reaction was stirred at 5° C. for 1 hour, and then at room
temperature for 2 hours and poured 1nto water. The aqueous
layer was saturated with K,CO, and extracted with ethylac-
ctate/methanol. The organic layer was separated, dried over
magnesium ulphate, filtered and the solvent was evaporated,
yielding 1 g of n-9 (100%, compound 189, melting point:
>250° C., mixture E/Z (90/10)).

Preparation of Intermediate n-10:

A mixture ot n-9 (0.0007 mol) and Pd/C (0.1 g) in methanol
(15 ml) was hydrogenated at room temperature for 12 hours
under a 3 bar pressure, and then filtered through a pad of
celite. The pad was washed with methanol. The filtrate was
evaporated, yielding 0.2 g ot n-10 (91%). This crude product
was used directly 1n the next reaction step.

Preparation of Compound n-11;

A mixture of n-10 (0.0006 mol) and Raney Nickel (0.2 g)
in methanol/NH, 7N (20 ml) was hydrogenated at room tem-
perature for 4 hours under a 3 bar pressure, and then filtered
through a pad of celite. The pad was washed with methanol.
The filtrate was evaporated. The residue (0.33 g) was purified
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precipitate was filtered off and dried, yielding 0.031 g ofn-11
(10%, compound 188, melting point 205° C.).

Example 15

Synthesis of
1 -(pyridylmethyl)-6-aminomethylbenzimidazoles

Scheme ()
How_/ \
—
N supported
BH;CN—
-

N AcOH
<:: ‘ Hhhkif##fﬁhhht) MeOH

N Va

HO—_/ \

N

7,

§

N
0-2

Meta-chloroaniline (0.000224 mol) was added to solution
of 0-1 (0.187 mmol) 1n methanol (5 ml). Acetic acid (1 drops)
and cyano borohydride on solid support (0.224 mmol) were
then added. The reaction was carried out at room temperature
for 48 hours. The supported reagent was filtered off. The
solvent was evaporated. The residue was purified by column
chromatography over silica gel (eluent CH,CI,/CH,OH/
NH_,OH 90/10/0.5; 10 um). The pure fractions were collected
and the solvent was evaporated, yielding 0.044 g (62%, com-
pound 186) of 2-{6-[(3-chloro-phenylamino)-methyl]-ben-
zoimidazol-1-ylmethyl } -6-methyl-pyridin-3-ol.

by column chromatography over silica gel (eluent: CH,C1,/ 4> Example 16
methanol/NH,OH 85/14/1; 15-35 um), vielding 0.128 g of | | |
the free base o n-11 (72%). The compound was dissolved in Synthesis of 1-(pyridylmethyl)-6-aminomethyl-benz-
CH,CN and converted into the ethanedioic acid salt. The imidazole-2-amines
Scheme P
Ho~_/ \
O
O ________N
H
/04{ N o O i
N <\ k 04{ N -
N P'2 o~ / N =+
K,CO;, DMF H <\ k
N
p-1 p-3
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-continued

HO—_/ \

p-4
HO~_/ \
—
N
and
\ N \ O
|
H N\
N NF
p-3
HO
—
SOCl,
CH->Cl,

Preparation of Intermediates p-3
Intermediate p-3 was prepared from p-1 and p-2 (which 1s

identical to k-2) following the same procedures as for the

preparation of k-3.
Preparation of Intermediates p-5 and p-6
L1AIH, (0.0198 mol) was added portion wise to a solution

of p-3 and p-4 (0.00494 mol; intermediates prepared analo-
gous to intermediates ¢-3 and ¢-4) 1n tetrahydrofuran (50 ml)
at 5° C. under N, flow. Thereaction was stirred at 5° C. for 0.5
hour and then at 40° C. for 12 hours. The reaction was cooled
down to 5° C. and ethylacetate and water were added drop

wise very carefully. The solution was filtered over celite. The

pad was rinsed with water and tetrahydrofuran. The solution
was saturated with K,CO; powder and extracted with a mix-
ture CH,Cl,/methanol (90/10). The organic layer was sepa-

LiAlH,
THF

p-6
/\‘
Cl, HCI OH -

p-7
HO—/ \
\ N X0 N/ AN
—
NN\
OH
p-8
50

55

60

65

rated, dried (over MgSO,) and evaporated until dryness. The

two 1somers were 1solated by column chromatography over
silica gel (eluent CH,CL,/CH,OH/NH,OH 90/10/1; 15-40

um). The pure fractions were collected and the solvent was

evaporated, yielding 0.21 g of p-5 (14%, melting point: >260°
C.) and 0.35 g of p-6 (24%, melting point: >260° C.).

Preparation of Intermediate p-7 and Compound p-8

2-(6-Chloromethyl-2-methylamino-benzoimidazol-1-yl-
methyl)-6-methyl-pyridin-3-ol hydrochloride salt (prepared
analogous to the preparation of intermediate b-2) was used as
starting material to prepare 2-(6-{[(2-hydroxy-ethyl)-m-
tolyl-amino]-methyl }-2-methylamino-benzoimidazol-1-yl-
methyl)-6-methyl-pyridin-3-0l (compound 188, melting
point: 204° C.) 1n an analogous way to the preparation of
compounds of formula b-3.
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Example 17 -continued
Synthesis of 1-quinolylmethyl-6-aminomethylbenz- \
imidazole-2-amines ; N
SchemeQ . N X
\ H2N4<\ ‘
‘ N - \/\/OH
N\ AN q-6

N r‘\/ 15 / \

q-2
<\ = k K>CO3, DMF 2

20 CH,Cl,

25

N Cl, HCI \OH
35 H2N4<\ ‘ K>COs, DMF
___..-""

40

/\‘
S NN

LiAlH,
THF

45

50
OH

55 Synthesis of Intermediates g-5 and q-6:

These mtermediates were synthesized analogous to the
procedure described for intermediates c-5 and ¢-6. The sepa-

ration of the two 1somers was performed by column chroma-
«o tography over silica gel (eluent CH,Cl,/CH,;OH/NH,OH

and 92/8/0.5; 15-40 um). The pure fractions were collected and
the solvent was evaporated, yielding 0.43 g of (2-amino-3-
OH quinolin-8-ylmethyl-3H-benzoimidazol-5-yl)-methanol
(q-5, 18%, compound 222, melting point: 230° C.)and 0.24 g
65 of  (2-amino-1-quinolin-8-ylmethyl-1H-benzoimidazol-5-
yl)-methanol (g-6, compound 224, 10%, melting point:
>260° C.).
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Preparation of Intermediate g-7 and compound g-8

6-Chloromethyl-1-quinolin-8-ylmethyl-1H-benzoimida-
zol-2-ylamine hydrochlornde salt (prepared analogous to the
preparation of intermediate d-2) was used as starting material
to prepare 3-[(2-amino-3-quinolin-8-ylmethyl-3H-ben-
zoimidazol-5-ylmethyl)-m-tolyl-amino]-propan-1-0l (com-
pound 222, melting point: 191° C.) in an analogous way to the
preparation of compounds of formula d-3.

Example 18

Synthesis of bicyclic intermediates R'-G-W

N

/

NBS, benzoyl proxide
B
CCly

/7 \
\

NN

r-1

Br
r-2

A mixture of 2,3-dimethyl-5,6,7,8-tetrahydro-quinoxaline
(0.0198 mol), NBS (0.0198 mol) and benzoyl peroxide
(0.0017 mol) 1n CCl, (237 ml) was stirred and refluxed for 30
minutes, and then filtered. The filtrate was evaporated. The
residue was purified by column chromatography over silica
gel (eluent: CH,CL,/CH,OH 100/0 and 95/5; 35-70 um). The

pure fractions were collected and the solvent was evaporated.
Yield: 2.61 g of intermediate r-2 (55%).

Example 19

Synthesis of Intermediates R'-G-W

Scheme S

H

N \

Q]
N / CH;I, NaH
Jine-
DMF
0 0~ N\
s-1
N
{ .

THEF

s-2
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\ -continued \
N \ N"'---.. \
<] <]
N / SOCI, _ NN =~
CH-Cl,
. ~
OH Cl
$-3 s-4

Synthesis of Intermediate s-2:

NaH (0.054 mol) was added portion wise at 5° C. under N,
flow to a mixture of 1H-benzoimidazole-4-carboxylic acid
cthyl ester (0.045 mol) in DMF (50 ml). The mixture was
stirred at 0° C. under N, flow for 1 hour. CH,I1(0.045 mol) was
added drop wise at 0° C. under N, flow. The mixture was
stirred at room temperature under N, tlow for 2 hours, hydro-
lyzed with 1ce water and extracted with CH,Cl,. The organic
layer was separated, washed several times with H,O, dried
(over MgSQO,), filtered and the solvent was evaporated. The
residue (10.5 g) was purified by column chromatography over
silica gel (eluent CH,CL,/CH,OH 97/3; 20-45 um). Two pure
fractions were collected and their solvents were evaporated.
Yield: 7 g of intermediate s-2 (76%, melting point: 86° C.).

Synthesis of Intermediate s-3:

L1AIH, (0.0342 mol) was suspended portion wise at 0° C.

under N, flow in THF (100ml). A solution of's-2 (0.0342 mol)

in a small amount of THF was added drop wise at 0° C. under
N, flow. The mixture was stirred at 0° C. for 2 hours, hydro-
lyzed with EtOAc and H,O, decanted and extracted with
EtOAc. The organic layer was separated, washed with H,O,
dried (over MgSQO,), filtered and the solvent was evaporated.
The residue (4.3 g) was purified by column chromatography
over silica gel (eluent: CH,CIl,/CH,;OH/NH,OH 97/3/0.1;
15-40 um). The desired fractions were collected and the sol-
vent was evaporated. Yield: 2.6 g of intermediate s-3 (47%,
melting point: 116° C.).

Synthesis of Intermediate s-4:

SOCI, (0.0222 mol) was added drop wise at 5° C. to a
solution ot s-3 (0.0148 mol) in CH,CIL, (70 ml). The mixture
was stirred at room temperature for 2 hours, poured on ice,
basified with K,CO, 10% and extracted with CH,Cl,. The
organic layer was separated, washed with H,O, dried (over
MgSQO,), filtered and the solvent was evaporated. Yield: 2.8 g
of intermediate s-4 (100%). The product was used without
turther punification.

Example 20
Synthesis of 1-substituted benzimidazole-2-amines
Scheme T
N\
N CO,Et
N
Br
t-1
t-2

K,CO3, DMF
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N CO,Et
H2N4<\
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-continued
N“‘---..
\
N
N
H>N 4<
\N 0
t-8

A mixture of t-1 (0.005 mol), t-2 (0.0039 mol) and K,CO,
(0.0074 mol) 1n DMF (25 ml) was stirred at room temperature

for 24 hours, poured on 1ce, saturated with K,CO, (powder)
and extracted with CH,Cl,. The organic layer was separated,
dried (over MgSQ,), filtered and the solvent was evaporated
until dryness. The residue (2 g) was purified by column chro-
matography over silica gel (eluent: CH,C1,/CH,;OH/NH_ OH
89/10/0.1; 15-40 um). The pure fractions were collected and
the solvent was evaporated. Yield: 1.285 g of the mixture
t-3+t-4 (50/30, 70%).

L1AIH, (0.007 mol) was added portion wise to a mixture of
t-3+t-4 (0.0035 mol) in THF (30 ml) under N, flow. The
mixture was stirred at 5° C. for 30 minutes under N, flow, and
then stirred at room temperature for 2 hours. H,O (10 ml) was
added. The mixture was filtered over celite. Celite was
washed with CH,Cl,/CH,OH (50/50). The filtrate was evapo-
rated. The residue (1.1 g) was purified by column chromatog-
raphy over silica gel (eluent: CH,CIl,/CH,OH/NH,OH
88/12/1; 15-40 um). Two fractions were collected and the
solvent was evaporated. Yield: 0.15 g of t-5 (13%) and 0.115
g ol -6 (10%).

A mixture of t-5 (0.0004 mol) and MnQO,, (1.5 g) in CH,Cl,
(40 ml) was stirred at room temperature for 4 hours, and then
filtered over celite. Celite was washed with CH,Cl,. The
filtrate was evaporated. The residue (0.16 g) was purified by

column chromatography over silica gel (eluent CH,CIL,/

CH,OH/NH_,OH 94/6/0.5; 10 um). The pure fractions were
collected and the solvent was evaporated, yielding: 0.059 g of

t-7 (40%).

Example 21

Synthesis of 1-bicyclyl-6-substituted
benzimidazole-2-amines

Scheme U
N /I\
= |
\ Y, HEN/ :l/
N
%N o
H,N
3 \ HO/
N 2
e
u-1 BH;CN— g

on solid support
AcOH, MeOH
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_continued drops) in CH;OH (10 ml) was stirred at room temperature for
N 12 hours. The solvent was evaporated until dryness. The
T residue was taken up in CH,Cl,/CH,OH. The mixture was
Q\\L basified with K,CO, 10%, saturated with K,CO, (powder)
N > and extracted with CH,Cl,. The organic layer was separated,
dried (over MgSQO,), filtered and the solvent was evaporated

N until dryness. The residue was crystallized from 2-pro-
) panone/Diisopropylether. The precipitate was filtered off and
H,N . T .
N\ dried, yielding: 0.042 g of u-3 (49%, compound 206, melting
N

10 point: 165° C.).

HO
u-3 Example 22
15
A mixture of u-1 (0.0001 mol), u-2 (0.0002 mol), Synthesis of 1-[(4-benzimidazolyl)methyl-5-tformy]l-
BH;CN— on solid support (0.0002 mol) and CH;CO,H (3 benzimidazole-2-amines
Scheme V
/,—N
N
/ /
N
7\ /-
N
N
" Cl 4 ‘
N N _COaE o
H2N4<\ ‘ K,CO3, DMF X LiAlH,
N / - + T oo
g N ‘ N _CO:E N ‘ N
H2N4<\ H2N4<\
N P N S \COZEt
v-3 v-4
/
N N/
X /-
N
= ‘
AN
N X Nox N N MnO,
H2N4<\ ‘ 4 TN R‘ CH2C12
N.-—-"'\/ . \:N"'"# / O
V-5 Y

v-6
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N/ N/ N/
/- 7 /-
N N N
H,N
N N HO N 0 :
H>N H>N
2 _<\ - u-2 2 _<\ or H2N4<\ /O
N BH;CN N N
on solid support V7 _
AcOH, MeOH
HO
v-9
The mixture of mntermediates v-3+v-4 (50/50, 93%, melt- 20 _continued
ing point: 144° C.) was synthesized according to the proce-
dure described for the mixture of intermediates t-3+t-4.
Compounds v-5 (33%, compound 223, melting point 258°
C.) and v-6 (35%, melting point 260° C.) were synthesized s
according to the procedure described for intermediates t-5
LiAlH,
and t-6. THF
Compound v-7 (81%) was synthesized according to the
procedure described for intermediate t-7.
Final compound v-9 (28%, compound 211, melting point: " PraN
: : N
174° C.) was synthesized according to the procedure A COEt
described for final compound u-3. w-4
Example 23 35
Synthesis of
1-quinolonylmethyl-benzimidazole-2-amines / \
40 N
Scheme W
_|_
S
45
‘ N OH
N
3 COEr N ‘ HoR <\
N
F2N \: \/ W-3
N 50
w-1 Br
w-2
K,COs, DMF
55 g \
N
MH02
60 CH-Cl»
+ -
N _COsRt N X\
H2N4<\ ‘
P i N P OH

w-0
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-continued Example 24
/ \ Synthesis of 1-quinolonylmethyl-6-phenylaminom-
cthyl-benzimidazole-2-amines
N
5
Of Scheme X

N AN
N < 10
\N""# ‘ P / \
w-7 N
15

o o~
H,N \
20 N u-2
-

BH;CN—
on solid support
AcOH, MeOH
25 \
N~
)\
30 ‘
N N/ AN
H2N4<\ H
\/O N
] 35
W /

HO

Intermediate w-2 1s 1dentical to intermediate g-2. X-2

The mixture of mntermediates w-3+w-4 (50/50, 32%) was
synthesized according to the procedure described for the mix- 49  Final compound x-2 (26%, compound 214, melting point:
ture of intermediates t-3+t-4. 194° C.) was synthesized according to the procedure
Intermediates w-5 (18%, melting point 230° C.) and w-6 described for final compounds u-3.
(10%, melting point: >260° C.) have been synthesized

according to the procedure described for intermediates t-5 Example 25
and t-6. 45
Intermediate w-7 (81%) was synthesized according to the Synthesis of 1-pyridylmethyl-6-phenylaminomethyl-
procedure described for intermediate t-7. benzimidazole-2-amities
Scheme Y

AN S~

A /‘\ =N

N
H
CO,Et Cl CO,Et
N \/ 2 , N \/ .
HZN_<\ ‘ K C(;- DMF g HEN%\ ‘ "
N Z ,CO3, N P

y-1 y-3
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o0v/ o0/ o/
% \ % \ % \
==y =N ==y
N X | N \/\OH N AN
ILN LIAIH, - N . ILN _
\ THF \ \ OH MnO
N Z N con N A N 7N CH,Cly
y-4 Y- y-0 '

o\ o\
ass Sy
I

N < 0 <
H2N4< H - u-2 HoN \Y or HaN A\ o
BH;CN— N N y
on solid support
AcOH, MeOH y-7 y-8
HO
y-9
30

The mixture of intermediates y-3 and y-4 (50/50, 57%) was _continued
synthesized according to the procedure described for the mix- /
ture of intermediates t-3 and t-4. \

Intermediates y-5 (12%) and y-6 (9%) were synthesized .. ==y Br
according to the procedure described for intermediates t-5
and t-6. CO,FEt

N 2
Intermediate y-7 (91%) was synthesized according to the ~ Y
! . . LN ‘ N
procedure described for intermediate t-7. \ A
N
Final compound y-9 (30%, compound 209, melting point: 0
-3

212° C.) was synthesized according to the procedure 2
described for final compounds u-3.

45 7 \
Example 26 — Br
N
Synthesis of (6-bromo-1-pyridyl)methyl 3- and
. L . N
6-aminomethylbenzimidazole-2-amines 50 ~ ol
H2N4<\ ,.---‘ y 1%;14 -
N \/\COEEt
7-4
Scheme Z 33

/\‘ J \
Br
(\/\Br ) ~y
0SO,CH;

/COZE'[ . N \ /\OH
HZN%\ ‘ 2 K,COs. DMF H2N4<\ ‘ P +

N
65
z-1 Z-
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74
~— \ Br
N
MnO»,
\N / \/OH
Z-6
74
—~— \ Br
N
N \O or
HZN—<\
N
Z-7
/
— \ Br
N
N X
n—g |
N F \/O
7-8
‘ X
S
H>N
7
— Br /
N
HO/
N ‘ \ /\O o
HzN% -
\N P BH;CN——

on solid support
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N /\‘
N T

HO
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7
)\

oz,

7-9

The mixture of intermediates z-3+z-4 (50/50, 40%) was
synthesized according to the procedure described for the mix-
ture of intermediates t-3+t-4.

Intermediates z-5 (18%, compound 226, melting point
221° C.) and z-6 (16%, compound 227, melting point: 230°
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08

C.) have been synthesized according to the procedure

described for intermediates t-5 and t-6.

Intermediate z-7 (80%) was synthesized according to the

procedure described for intermediate t-7.

Final compound z-10 (48%, compound 212, melting point:
158° C.) was synthesized according to the procedure

described for final compounds u-3.

Example 27

Scheme AA

x CO,Et

aa-1

aa-3

aa-4

aa-3

N

/N
AN
&

Br

aa-2

K,CO3, DMF

T

LiAlH,

THF

CO,Et
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N
7\
——
N
N MnO»
H,N <\ CHxClp
N OH
aa-6
N
7\
—
N
N ‘ A \O
H2N4<
\N -
aa-/
N
7\
—,
N
N \
H2N4<\ ‘
N F \/O
aa-8

The mixture of intermediates aa-3+aa-4 (50/50, 35%) was
synthesized according to the procedure described for the mix-
ture of intermediates t-3+t-4.

Intermediates aa-5 (24%) and aa-6 (18%) have been syn-
thesized according to the procedure described for intermedi-
ates t-5 and t-6.

Intermediate aa-7 (100%) was synthesized according to the
procedure described for intermediate t-7.

Example 28

Scheme AB

N )\
a4 9
~ N N
N XX K

N— i
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70
-continued
N
7\
HN )\‘
N \/\E/ A
HEN%\N | P
OH
ab-3

Final compound ab-3 (43%, compound 217, melting point
175° C.) was synthesized according to the procedure
described for final compounds u-3.

Example 29
Scheme AC
/\/ ‘
H CO,FEt
N X 2 \/‘
H,N —<\ ‘ P (
N Cl
ac-1 ac-2
K>CO;, DMF
F
N COEt
H2N4<\
N
ac-3
F
2 LiAlH,
N THE
H2N4<\
N CO-Et
ac-4
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F
_I_
N
OH
H2N4<\
N
ac-5
b
MnO»
CH,Cl,
N e~
~~— \
HgN%\ ‘
N i / OH
ac-6
b

Qr

ac-7

; F
N
H2N4<
\N /O 60
ac-98

The mixture of intermediates ac-3+ac-4 (50/50, 46%, melt-
ing point 193° C.) was synthesized according to the procedure
described for the mixture of intermediates t-3+t-4.
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Intermediates ac-5 (33%, compound 236, melting point
202° C.)and ac-6 (21%, compound 2377, melting point >260°
C.) have been synthesized according to the procedure
described for intermediates t-5 and t-6.

Intermediate ac-7 (100%) was synthesized according to the
procedure described for intermediate t-7.

Example 30
Scheme AD
F
AN
H,N 7
N
\O
2NN Ho”
N u-2
ol
ad-1 BH;CN—
on solid support
AcOH, MeOH
F
/
N
N
HzN—<\ H
N
Ho”"
ad-2

Final compound ad-2 (46%, compound 219, melting point:
179° C.) was synthesized according to the procedure
described for final compounds o-5.

The compounds listed 1n the following tables were pre-
pared analogous to one of the above exemplified synthesis
schemes. The tables include physicochemical data such as
mass spectral data (MH+) and/or melting point. Any radical
depicted 1n these tables 1s connected to the remainder of the
molecule by the ‘open’ bond, 1.e. that bond that at one side has
no radical).
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TABLE 1

N P
Comp. Melting Synthesis
No. R Activity MH+ point Salt form  scheme
1 /@\ 8.6 374 234° C. A
CHs
2 Cl 8.6 428 250° C. A
/@
S \Cl
3 N 8.6 438 A
/
-~ Br
4 F 8.6 444 156° C. A
O 4% F
b
»
/\/

5 /@\ 8.5 394 A
Cl
6 /(>¥ 8.5 384 200° C. A
CH

7 8.5 390 140° C. acetate A
(gum)

8 8.5 374 120° C. acetate A
(gum)

CH;
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TABLE 1-continued
HO
/ ‘
\ /
N \CH3
H>N N R
\r N /\N.f
] i
N P
Comp. Melting Synthesis
No. R Activity MH+ point Salt form  scheme
9 CH; 8.4 388 228° C. A
CH;
10 O 8.4 439 188“ C. A
S— NH>
| 0
/\/
11 AN 8.4 390 212° C. A
SN
HO
12 8.4 388 130° C. acetate A
‘ N (gum)
NS
H;C
13 ——(CN 8.4 385 A
8
N\ F
14 O 8.3 448 252° C. A
O
kCH3
OH
15 /\ 8.3 406 188“ C. A
16 H;C 8.3 402 A
\
/

CH;



Comp.
No.

17

1%

19

20

21

22

23

24

US 8,044,073 B2

77
TABLE 1-continued

HO
=z ‘
AN
N \CH3
H>N N R
2 N /\N.f
] i
N G
Melting
R Activity MH+ point
CH; 8.1 416
k‘ “
SN\F
CH;
/O\‘ 8.0 388
CH;
CH; 8.0 38%
H;C
3 \‘ \
NS
/\ 8.0 438
/Y
Br
/O 7.9 360 >250° C.
A 7.9 378
/Ii/:\F
CH; 7.9 388
‘ N CH;
SN\F
/\ 7.9 404

Salt form

Synthesis
scheme

78
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TABLE 1-continued

/ ‘
AN
N/\CH3
H>N N R
: N /\N.f
] i
N P
Comp. Melting Synthesis
No. R Activity MH+ point Salt form  scheme
25 /\ 7.9 385 A
N
X
N
26 N 7.9 390 A
‘ / \/OH
27 O 7.9 453 A
N\ ~CH:
S
N\
O
»
NS
28 O 7.8 408 A
‘ X \CH3
/ /\F
29 Cl 7.8 408 A
H;C
»
/
30 F 7.8 460 A
S/gF
b
»
/\/
31 H;C 7.8 388 A
3 \‘ \
N\
CH;

32 /@ 7.8 402 A
F

e \CH3

H;C
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31
TABLE 1-continued

HO
/
A
N CH;
H>N N R
\r N.f'"
‘ H
N
Comp. Melting
No. R Activity MH+ point
33 OH 7.8 468
O=—=8=—70
N
/
34 /CH3 7.7 420
O
/@\ CHj;
O/
35 /@\ 7.7 417
NH
O)\CH3
36 7.7 400
37 F 7.7 506
:51
Br
38 7.7 416

CH;
H,C X
S

CHa

Synthesis
Salt form scheme

32
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33
TABLE 1-continued

HO
/
A
N CH;
H>N N R
N.f"'
\( N
N
Comp. Melting Synthesis
No. R Activity MH+ point Salt form  scheme
39 NN 7.7 403 A
/E/
O NH>
40 NN 7.7 378 A
/I;\/
I
41 HN NH> 7.7 402 A
42 NN 7.6 402 A
y a YO
CHj
43 7.6 418 A
O
O
‘/g/
/\/
44 AN 7.6 411 A
N
X
P
45 F 7.6 446 A
b I
R




Comp.
No.

46

47

48

49

50

51

52

US 8,044,073 B2

TABLE 1-continued
HO
Z
N
N CH,
H,N N R
Nf
\( N
N
Melting
R Activity MH+ point
7.6 418
HO O
7.6 495
| NH CH;
~
ﬁ
O
7.6 42K
X
N P
P .
b
0 7.5 396
X
PN
F
Br 7.5 452
X
P
CH,

Br 7.5 496
H3C\ £

7.5 466

Salt form

Synthesis

scheme

A

86



Comp.

No.

53

54

55

56

57

5%

59

87

US 8,044,073 B2

TABLE 1-continued

'y

Activity

7.5

7.5

7.4

7.4

7.4

7.4

7.3

\CHg
R
-~
/\ N
H
Melting
MH+ point
417
438
396
452
458
436 100° C.
(gum)
432

Salt form

acetate

Synthesis

scheme

A

A

88



Comp.

No.

o0

61

62

63

64

05

66

67

US 8,044,073 B2

39
TABLE 1-continued

Z ‘
A
N \CH3
H>N N R
AN /\N,f
] i
N F
Melting Synthesis
Activity MH+ point Salt form  scheme
7.3 392 A

O 7.3 420 A
/C[ \CH3
O

CH;
N Ry 7.3 506 A
| .
NF :
F
/\/Br 7.3 456 A
/\/\F
CH; 7.3 476 A
b o
‘ A
O
N F o
O
Cl\ \ CH; 7.3 408 A
N
P e 7.3 396 A
/Y
F
\/CH3 7.3 374 A

90



Comp.

No.

68

69

70

71

72

73

91

p

H,C

~

p

3

R
I

H;C O
H

X

H,C
H,C

S

SO

\

4

Cl

e

T

US 8,044,073 B2

TABLE 1-continued

HO

X
\
/ = Cl

CH;

Activity

7.2

7.2

7.2

7.1

7.1

7.1

CH;
R
~
N
H
Melting
MH+ point
432
402
416
452
444
388 182° C.

Salt form

Synthesis

scheme

A

92



93

TABLE 1-continued

US 8,044,073 B2

HO
z ‘
AN
N
H>N N
\( ‘ N
N S
Comp.
No. R Activity
74 I 7.1
F F
R
/ ‘\/ F
F
F
75 O 7
NCH,
OH
76 CH, 6.8
HsC CH;
X
‘ CH;
F \éCHg
CH;
77 N 6.8
/ N 0 \
/
78 O OH 6.6
F
F
F
6.4

D

-~

/

MH+

496

400

472

460

472

450

Melting Synthesis

point Salt form  scheme

A

94



Comp.
No.

80

81

82

83

84

85

95

US 8,044,073 B2

TABLE 1-continued

HO F ‘
\N e
HzN\WN N
-
R Activity
F 6.2
I3 I3
o/
X
| :
NN N
F
/\ 9.4
N\
7,
CH; 10.3
/
_< \
/
/
HO
CH,; 9.1
H;C
/OH - 9
‘ X
F
O 8.4

MH+

556

404

418

38%

418

403

Melting

point

155° C.

245° C.

213° C.

323° C.

204° C.

Synthesis

Salt form scheme

A

96
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97
TABLE 1-continued

HO
= ‘
\ /
N \CH3
H>N N R
Y AN /\Nf
] i
N P
Comp. Melting Synthesis
No. R Activity MH+ point Salt form  scheme

36 / \ 8.4 404 252° C. A
—< CH;

87 OH 8.2 404 170° C. A

88 H;C 7.8 404 172° C. A

HO
89 CN 10.6 429 240° C. F
X
S
OH
90 CHjz 10.5 432 248° C. E
X
F
(CHy);—OH

91 10.5 434 A

CH;
X
P

O—(CH,),—OH



Comp.
No.

92

93

94

95

96

57

US 8,044,073 B2

99
TABLE 1-continued

HO

=4
\
\N/\CH3
H>N N SN /\ N P R
T )
N Z
Melting Synthesis
R Activity MH+ point Salt form  scheme
CH 10.4 428 252° C. G
|
AN
\
F
(CH,),—OH
Br 10 482 F
X
F
(CHy),—OH
CH; 10 432 207° C. E
X
F
(CH,),—OH
Cl 10 452-454 231° C. A
X
F
(CHy);—OH
O—CH; 9.9 448 226° C. E
N
\
A
(CH,);—OH
O—CH;j 9.8 434 F

)-

\
\

(CHy),—OH

100



Comp.
No.

98

99

100

101

102

103

US 8,044,073 B2

101
TABLE 1-continued

N F
Melting
R Activity MH+ point
/\ 9.6 418 126° C.
\
Y
(CH,);—OH
CF3 9.6 486 205° C.
X
\
NS
(CH,)3—OH
CHj 9.6 482 >260° C.
X
F
SO, —(CH,)»—O0OH
CH; 9.5 446 228° C.
N
\
Y
(CHy)4=—O0OH
b 9.4 422
N
\
Y
(CHp),—OH
H3C CHj 9.3 446 198° C.
X
F

(CH,),—OH

Salt form

Synthesis

scheme

E

102



Comp.

No.

104

105

106

107

10¥

109

103

US 8,044,073 B2

TABLE 1-continued

HO

=

T
¥
|

H=—CH—CH,—O0OH

C

H;
~

Y

NH— (CH,), —OH

(CH,),— CONH,

CHj,

SO,

(CHy),—OH
‘ X
a1
/\
(CH)o— O
\__/
CO— NI,

(CHy),—OH

Activity

9.3

9.2

8.5

8.4

CH;
R
~
N
H
Melting Synthesis
MH+ point Salt form  scheme
430 246° C. A
433 A
431 220° C. A
482 g
473 148° C. A
447 g

104



Comp.

110

111

112

113

114

105

US 8,044,073 B2

TABLE 1-continued

HO

~ ]
\N e
HZNTN N
i
R Activity
N 7.8
=z (CHy),—0H
CH; 9.3
=
A
H;C OH
CHa 0.4
=
A
H,N 0
G >9.6
"]
AN
OH
F 9.
FjiF
~ ]
e Y
HQNLO

\CH3
R
~
/\N
Melting
MH+ point
404 =250° C.
446 241° C.
445 236° C.
430 246° C.
499 205° C.

Synthesis
Salt form scheme

HCI A

106
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TABLE 1-continued
HO
/ ‘
\ /
N \CH3
H>N N R
2 N N N
] i
N P
Comp. Melting
No. R Activity MH+ point Salt form
115 F >0.6 472 216° C.
b b
\/
/ ‘
AN
OH
TABLE 2
30
HO
= ‘
X
N CHj 335
H>N N
2 Y N A
] .
N P N.\ N
40
Melting
Comp. Act- point  sSynthesis
No. R wvity MH+ (°C.) scheme Comp.
116 7.0 360 A No.
_</ \ .
120
117 /CH3 6.8 388 A
_< \ .
\ 121
CHs;
55
118 O 6.4 402 A
/u— CH
\/\‘ 3
\/ 60
122
119 H;C CH; 6.4 388 A

65

108

Synthesis
scheme

b

TABLE 2-continued

HO

/
x>
N CHj
H>N N
T i
\R
Melting
Act- point  sSynthesis
R ity MH+ (°C.) scheme
CH; 6.4 374 212 A
/Cl 5.8 428 A
Cl
Cl <4.0 394 A




TABLE 2-continued TABLE 2-continued
HO
o N N
N /\ 5 ‘
‘ Sy Nen
3
X N
N CH; TN N
H>N N 2 \/\
2 Y N /\ 10 ‘ ‘
N N
I‘l ‘ P N 7 \/ \R
\/ \R .
Melting
Comp. Act- point  sSynthesis
Melting 15 No. R wvity MH+ (°C.) scheme
Comp. Act- pomnt  sSynthesis
o 127 <4.0 384 205 A
No. R vity MH+ (°C.) scheme /©¥
123 <4.0 411 A 20 —
F Compound Prepared According to Scheme E
25
124 <40 378 A 4
N O
30 = CHa
F \
AN
125 <4.0 388 A N s 7
\ '
H>N N N
H
= ¥CH3 }l ‘
\/
126 AN <4.0 438 205 A g
‘ 40 OH
/ F Br Comp. No. Activity category MH+  Melting poimnt (° C.)
128 6.9 522 129
TABLE 3
compounds prepared according to scheme B
HO
N /\‘
A
K\N /\CH3
H,N N R!
\W N /\Nf
| |
N \/ R®
Comp. Melting
No. R! R? Activity MH+ point (° C.)  Salt
129 CHj /\/OH 9.3 418 210

US 8,044,073 B2
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111 112
TABLE 3-continued

mmpmunds Epared acmrding to scheme B

HO
= ‘
AN
N CH;
H,N N R!
-
N G R?
Comp. Melting
No. R! R? Activity MH+ pomt(°C.)  Salt

130 /: \ /\/OH 8.6 404 175

131 / \ /-\/NH2 8.4 417 200 (gum) HCI
CH;,
132 \ / CH 7.9 445 190
e 3
/ \ /\/ N\
CH;

_< \ \ </ \

134 CHx \/\/OH 02 432 90 (gum)
135 \ z /\/OH 77 418 158

136 CH; _\_ / \ 8.6 48’7 245
N O

137 . 0O 0.6 509 245
_© /\)J\NHz
138 CH, 0 0.4 459 180 (gum) HCI
/ \ \/\)tNHz
139 n NN 04 510 120 (gum)
: OH
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113 114
TABLE 3-continued

compounds prepared according to scheme B

HO
N

I\/L

A

N CH,
N

H,N R
\ |
N R?

\/
Comp. Melting
No. R! R” Activity MH+ pomt (°C.)  Salt
140 Br O 9.4 523 155 HCI
/ \ \/\)J\NHZ
141 Bt \/\ 9.3 482 225
OH
142 /CH3 O 9.3 487 195
/ \ /\/\)LNHE
CHs
143 CHj; O 9.3 509 120 (gum)

_< \ NSNS

O
144 /CH3 O 0.0 445 222
_</ \ /\)J\NHz
145 — NN 02 428 210
OH

/N

146 CI NN 0.1 446 80 (gqum)
3 Ol
147 NN 0.0 429 >260
/ N\ __ OH
/ —N
148 By PN 87 496 120 (gum)
ol

7\
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TABLE 3-continued

compounds prepared according to scheme B

HO
DY /\‘
A
K\N /\CH3
H,N N R!
2 \( ~ /\ /\Nx‘
| |
N P R?
Comp. Melting
No. R! R” Activity MH+ pomt (°C.)  Salt
149 CH; O 8.6 474 190

X
Z
S

)

T

150 CH; / \ 8.6 501 164
_O Y
151 CH; O 8.6 488 13%
/ \ O/\CH3
152 CH; /\/\/\OH 8.6 474 170 HCl

153 / \\ O 8.6 470 248
/ —N \/\)J\
— NH

154 CH,; \/\N _CH; .5 445 024

155 /\/\ 8.4 443 252
/7 \ Ol

156 / \ O 8.4 456 >260
—~{ Y= __L
— NH

157 CH; /\/\/\OH 8.3 460 185 (gum) HCI




US 8,044,073 B2

TABLE 3-continued
compounds prepared according to scheme B
HO
= ‘
.
N CHj
H,N N R!
: \W \l/\/\ N7
| |
N \/ R®
Comp. Melting
No. R! R” Activity MH+ pomt (°C.)  Salt
158 O \/\ 8.3 483 >260
/ \ H OH
/ ﬁ NH>
O
159 F \/\ 8.2 422 165
OH
160 / \ 8.1 517 184
d_\m W
161 /C H; O 8.1 446 165
/ \ /\)]\OH
162 \/\ 8.0 448 175
OH
OH
163 O \/\ 7.9 447 240
/7 \__| oH
NH>
164 O \/\ 7.8 447 230
OH
H5N
165 H;C \/\ 7.6 418 208
OH
166 OH —CH,; 6.8 418 210
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TABLE 3-continued

compounds prepared according to scheme B

HO
= ‘
AN
N CHj3
H,N N R
-~
N \/ R®
Comp. Melting
No. R! R” Activity MH+ pomt (°C.)  Salt
167 Cl —(CH,),—CO—NH, 9.4 499 >260
‘/g
/
/ \/\Cl
168 CHs —(CH5);—SO>—NH, 9.3 495 130 (gum)
169 CHj HO CH; 9.2 460 232
/@ _>_<CH3
170 CH; _<:OH 9.2 446 228
/Ej N

171 CH; _\_ 8.9 462 166 HCI
T\
OH

172 CH., —\_zq—c}h 88 459  165(gum) HCI
O

HO CH; 8.6 474 227
CHs;
174 CH; /\‘/\O/\/\ 8.6 538 170 HCl

O N

/

\
\

/

\
\

173 CH,

O

O



121

US 8,044,073 B2

TABLE 3-continued

mmpmunds Epared acmrding to scheme B

Comp.

No.

175

176

177

178

179

180

181

182

O

CHa

/

\
\

C

i

O

122

HO

/
o
N CHj
H>N N
2 ‘ AN T./
= R?
R1 R”
N\ \ —(CH,)>—OH
N F
CHj H
N
\ N
pd Z
H-C NH
: ‘ \ \/\l.r ’
Q
P \CH3
H,C — (CH,),—OH
;O\r s
CHj,
CH, _ (CH,),—OH
o
/\/\CHg
CH;

Activity MH+

8.5

8.3

8.2

7.8

7.6

9.3

8.5

8.3

455

454

459

460

446

44%

538

482

Melting
pomnt (° C.)  Salt

244

160 (gum)

224

175 (gum)  HCI

232

185

80 (gum)

205 HCI
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123

TABLE 3b

H,N

HO\ 7 ‘
5
\\N HMNHT
YY)
‘ \”/\ }/N .
N N j>
O

Comp. Melting 15
No. Activity MH+ point (° C.) Salt
183 7.4 442 >250
TABLE 4
HO
X
K ~y CH,
N R
1
Comp. Melting
No. R Activity MH+ point (° C.)  Salt form
184 CH; 6.7 373
»
//ﬁ\Wq ‘/JN\CHS
H
185 Cl 6.1 413
‘)\
#/f“\fo ;/f\ag
H
186 AN 5.8 379
/\N /\Cl
H
187 5.7 373
*/JMMN
H

CH;

Synthesis

scheme

124



Comp.
No.

18&

189

190

191

192

193

125
TABL.

US 8,044,073 B2

H 4-continued

HO

J@N
\N CH;

N R
F N /\ e
A
Melting Synthesis
R Activity MH+ point (°C.) Saltform  scheme
/\/\ 5.1 297 205 oxalate N
NH,
4.8 291 =250 N
/\/ :
N <4.0 359 >250 M
N
v A
O
CH; 7.9 417 221 O
)\‘
/\N /Y
H
(CHy);—OH
CH; 7.8 403 235 O
)\‘
/\ ~ \
N
H
(CH»),—OH
CH; 6.3 403 196 O
=z ‘
A
/\N

(CH),—OH

126
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TABLE 3a
HO
\/\‘
X
( N \CH3
R N :
. \/\ 5 ,
‘ ‘ _L-R
N =6
R3
Comp. Melting Synthesis
No. R? R’ R* Activity MH+ point/salt scheme

194 ~ 7 —CH; —NH, 7.9 388 252° C. I

5' @\

7Ny CH,
— H —
195 [ CH, ] H —NH—CH, 7.8 432 204° C. P
) \

/\N/\/
196 5-[-(CH,);—NH,] H —NH, 7.7 312 195° C./JHCI J
197 B OH 7] H —NH, 7.2 361 - L
198 5-[-(CH5)>—CN] H —NH, 6.8 308 242° C. J
199 5-[—CHj4] —CH; —NH, 6.8 283 =>260° C. K
200 5-[—CH,—OH] H —NH—CH, 4.9 299 >260° C. P
201 '\/\ i H —NH, <4.0 359 >260° C. J

AN

- \

/
202 6-[CH,—OH] H —NH—CH,; <4.0 299 >260° C. P
203 B 7 H —NH, <4.0 361 221° C. L

\
6- P

OH



129
Comp.
No. R”
204 B CH; T
\)\
5.
/\ N/\/
Comp.
No. R
205 \ \
‘ /
N =
\
206 N CHsj
X
Z
N CHs

US 8,044,073 B2

TABLE 5a-continued

R3
R’ R* Activity  MH+
H —NH—CH, 6.9 432
TABLE 5b
Rl
| 4
H,N ;

R
~ o —
X
N ‘ =

Y

EOH
C

H;
\)\

.

(CHy)3=—0OH

Melting

point/salt

18&8° C.

Activity  MH+

7.3

8.7

452

471

130

Synthesis

scheme

Melting
point/salt

191° C.

1657 C.

Synthesis

scheme

,



Comp.

No.

207

208

209

210

211

212

131

‘ X XY
N/ /
N
o™ ‘ AN
y
N CH;
[
N\/\
1

o

(T

\N -
X

US 8,044,073 B2

TABLE 5b-continued

Rl

| ;

AR

..-----*'"""]5{2

/6

R? Activity MH+

7

CH;
6-
N

H;C CH; 8.4 485

(CH,),—OH

7.9 452

(CHy)3—0OH

7.8 446

)

mz
3

cg 1 78 451

)
\
\

(

—OUH

CII, 7.6 455

(CH,);—OH

CH; 7.5 480

)~

(CH,);—OH

132

Melting
point/salt

161° C.

194° C.

212° C.

>260° C.

1747 C.

1587 C.

Synthesis
scheme

U



Comp.

No.

213

214

215

216

217

218

133

/

/
/

\

)

Br

—
/

\

/

r N CH,

US 8,044,073

TABLE 5b-continued

B2

C

Hj
)\

- \

Y

NH,

(CHy)3—OH

_HO—(Hzc)z\ N
5 \
/\E/ F CIL,
[ H
\/N\‘/'\/CHg
5-
_HO—(H2C)3/ A
_ - _
P
- |
/\N /\I/
H
i (CHy);—OH _

P

)

\

(CH,);—OH

Activity  MH+
7.4 529
7.3 452
6.9 466

1 6.5 471
6.2 431
6.1 445

134

Melting
point/salt

230° C.

191° C.

118° C.

175° C.

1767 C.

Synthesis

scheme

Q

AB

AB



Comp.
No.

219

220

221

222

223

224

US 8,044,073 B2

135
TABLE 5b-continued
Rl
H,N ILT3 :
2
N 5
>
N 6
R} R”
F B CH;
P{
6 |
/\E/\‘/
B (CH,);—OH
N B NH,
s
N Br O
5- ‘ N
/\N/ S
B H
H;C ‘ N i[CHB B /TH\3
P X
N CH, 6- ‘
B (CH,);—OH
N N 5-(CH,—OH)
‘ s
N =
N
(‘3H3 5-(CH,—OH)
N
S
N
N N 6-(CH,—OH)
‘ s
N =

/

5.3

4.8

4.4

<4

Activity  MH+

419

479

445

305

308

305

136

Melting
point/salt

179° C.

1727 C.

230° C.

258" C.

>260° C.

Synthesis

scheme

AD

AB



Comp.
No.

225

226

227

228

229

230

231

137

/

\

/

—

)—
\

)

—

)—
\
/

/

\

)

—

)—
\
/

/

\

US 8,044,073 B2

TABLE 5b-continued

H,C

N
NN (CHy ) —oOH

5-(CH,—OH)

6-(CH,—OH)

)

mz
3

[@
8
|
O
=

/

/\N/ s
H

(CHy)3—OH

)

mz
g

CHj,

CH;

Activity  MH+
<4 452
<4 333
<4 333
<4 480
<4 466
<4 436
<4 422

138

Melting
point/salt

221° C.

230° C.

140° C.

Synthesis

scheme

Q
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139 140
TABLE 5b-continued

Comp. Melting Synthesis
No. R! R? Activity MH+  point/salt scheme

<4 521 Z

232
\

)

Br

\
)
/
\

_/

/\
__/

233 CH, 6-(CH,—OH) <4 308  260°C. \%

B <4 446 179° C. Y

234 H,C CH;
\o / \>—CH3 )\
X

235 CH, B OH 1 <4 455 250°C. \%

/
)~

mz
~

(CH,);—OH

236 5-(CH,—OH) <4 272 202° C. AD
b

237 6-(CH,—OH) <4 272 >260° C. AD
‘—< >7F



Comp.

No.

238

239

240

141

US 8,044,073 B2

TABLE 5b-continued

J

HO

HO

~

/ N\

e

CH;

b

e

\__/
\

142

Melting
Activity MH+  point/salt

7.7 467 144" C.

8.2 325 228° C.

0.6 504

Synthesis

scheme

U
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TABLE 6
HO
= ‘
AN
N CHs
N R1
( ‘ AN
N
F -

Comp. Melting  Synthesis
No. R1 R2 Activity MH+ point scheme  Salt form
241 H O 4.5 394 O

H
\/N R
242 H O 4.2 373 M
CH;
\NJ\ AN
S
/
243 H (‘3H3 4.2 376 O
N
/\N \ /
H
244 H 4.2 373 215° C. M
0 ‘ N
\N /
H
245 H O 4.2 409 144° C. M
\N /\‘
H
N
\/ \/\NH2
246 H —CH,—OH <4.0 270 181° C. N
247 —CH>—OH H <4.0 270  234°C. N
248 /\ H <4.0 342 =260° C. N
/\/\/
249 H / N <4.0 342  248° C. N
/
250 H \/\/\ <4.0 344 191° C. N
\/
251 /\ H <4.0 344  -225°C. N
/\/\/

252 H —CH=CH—CN <4.0 291 241° C. N
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TABLE 6-continued

HO
/
™
N CHs
N R1
r \
N \@
R2
Comp. Melting  Synthesis
No. R1 R2 Activity  MH+ point scheme  Salt form
253 H % <4.0 373 166° C. O
254 /\/\ H <4.0 396  240°C. O HCI
(\N N/\
H
255 H % - <4.0 340 =>260° C. O
3
CHj
256 H \/\/NH2 <4.0 297 180° C. N
257 AN H <4.0 373 96° C. O
/\N /
H
258 H (\ <4.0 396 =250°C. O HCI
O
H
\/N\/\/N\)

259 H —NH, <4.0 255 248° C. M
260 H % 5 <4.0 341 120° C. O
261 —NH, H <4.0 255  =250°C. M
262 H % <4.0 352 210°C. O HCI

N \/\‘

\/NH
263 H <4.0 442 182° C. O
/\N
/\N/\) :: :
H
264 /‘\ H <4.0 373 =250°C. M
-




Comp.

265

266

267

208

209

270

271

272

273

147

R1

OH

\
)

(

K
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TABLE 6-continued

N CH;

N R1

CH;

7

CH;

(

CHs;

OH

Activity MH+

<4.0

<4.0

<4.0

<4.0

359

359

366

346

327

360

349

387

374

148

Melting
point

184° C.

168~ C.

>250° C.

150° C.

172° C.

Synthesis
scheme

O

Salt form

oxalate



Comp.

No.

274

275

276

277

278

279

280

281
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TABLE 6-continued
HO
= ‘
\N/ \CH3
(N ‘ \ /Rl
A N Np,
R1 R2
H \
/
OH
% H
S
Q
% H
e ‘ X
O N /

O
A H
H
/N /N
O
H O
\N/

: \
F
H O I\i/\
\NJJ\)\/
H

Activity  MH+

<4.0

346

373

374

387

360

360

387

374

150

Melting

point

170° C.

170° C.

175° C.

255° C.

>200° C.

>200° C.

225° C.

190° C.

Synthesis

scheme

Salt form

oxalate



Comp.

No.

282

283

284

285

286

287

28%

J

151
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TABLE 6-continued

HO / ‘
S CH;
(N ‘ \/Rl
N RN N
R2
H
H
H
H
\/§
H,C 0
‘ F
Br
‘ F

Activity  MH+

<4.0

387

296

373

345

387

423

379

152

Melting

point

Synthesis

scheme

O

Salt form



Comp.
No.

289

290

291

292

293

294

295

R1

153
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TABLE 6-continued

HO

g
AN
N CHsj
(N ‘ \ R1
N P o
R2
\/T}*II ; ,CH
CH,
H
N
‘ S
Cl
NT X
oo |
NN P
N
NF
Ny
H
\/N\‘/\
\(
F
‘ S
H:C
CHa
H

Activity  MH+

<4.0

<4.0

<4.0

373

413

396

369

363

373

373

154

Melting
point

Synthesis
scheme

O

Salt form
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TABLE 6-continued
HO
= ‘
AN
N
N R1
(T X
N
F -
Comp. Melting  Synthesis
No. R1 R2 Activity MH+ point scheme  Salt form
296 H <4.0 345 O

Example 31

In Vitro Screening of Compounds of Formula (1) for
Activity Against RSV

The percent protection against cytopathology caused by
viruses (antiviral activity or EC.,) achieved by tested com-
pounds and their cytotoxicity (CC., ) are both calculated from
dose-response curves. The selectivity of the antiviral effectis
represented by the selectivity index (SI), calculated by divid-
ing the CC;, (cytotoxic dose for 50% of the cells) by the EC.,
(antiviral activity for 50% ofthe cells). The tables in the above
experimental part list the category to which each of the pre-
pared compounds belong: Compounds belonging to activity
category “A” have a pEC;, (-log of EC., when expressed 1n
molar units) equal to or more than 7. Compounds belonging,
to activity category “B” have a pEC50 value between 6 and /.
Compounds belonging to activity category “C” have a pEC50
value equal to or below 6.

Automated tetrazolium-based colorimetric assays were
used for determination of EC., and CC; of test compounds.
Flat-bottom, 96-well plastic microtiter trays were filled with
180 ul of Eagle’s Basal Medium, supplemented with 5% FCS
(0% for FLU) and 20 mM Hepes buffer. Subsequently, stock
solutions (7.8x final test concentration) of compounds were
added 1n 45 ul volumes to a series of triplicate wells so as to
allow simultaneous evaluation of their effects on virus- and
mock-infected cells. Five five-fold dilutions were made
directly in the microtiter trays using arobot system. Untreated
virus controls, and Hel.a cell controls were included 1n each
test. Approximately 100 TCID., of Respiratory Syncytial
Virus was added to two of the three rows 1n a volume of S0 ul.
The same volume of medium was added to the third row to
measure the cytotoxicity of the compounds at the same con-
centrations as those used to measure the antiviral activity.
After two hours of incubation, a suspension (4x10” cells/ml)
of HeL a cells was added to all wells 1n a volume o1 50 ul. The
cultures were mcubated at 37° C. 1 a 5% CO, atmosphere.
Seven days alter infection the cytotoxicity and the antiviral
activity was examined spectrophotometrically. To each well
of the microtiter tray, 25 ul of a solution of MTT (3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)
was added. The trays were further incubated at 37° C. for 2
hours, after which the medium was removed from each cup.
Solubilization of the formazan crystals was achieved by add-
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ing 100 ul 2-propanol. Complete dissolution of the formazan
crystals were obtained after the trays have been placed on a
plate shaker for 10 min. Finally, the absorbances were read in
an eight-channel computer-controlled photometer (Multi-
skan MCC, Flow Laboratories) at two wavelengths (540 and
690 nm). The absorbance measured at 690 nm was automati-
cally subtracted from the absorbance at 540 nm, so as to
climinate the effects of non-specific absorption.

The percent protection against cytopathology caused by
viruses (antiviral activity or EC.,) achieved by tested com-
pounds and their cytotoxicity (CC.,) were both calculated
from dose-response curves. The selectivity of the antiviral
elfect 1s represented by the selectivity index (SI), calculated
by dividing the CC., (cytotoxic dose for 50% of the cells) by
the EC., (antiviral activity for 50% of the cells).

The invention claimed 1s:
1. A compound having the formula

()
/ 2b

R3b

a N-oxide, addition salt, or a stereochemically 1someric
form thereof; wherein

G 1s adirect bond or C, _, jalkanediyl optionally substituted
with one or more substituents independently selected
from the group of substituents consisting of hydroxy,
C,_salkyloxy, Ar C,_.alkyloxy, C,_.alkylthio, Ar'C,
alkylthio, HO(—CH —CH, O)H , C, _calkyloxy(—
CH,—CH,—O),— or ArlCI_Galkyloxy(—CHz—
CH,—O),—;

cach n independently 1s 1, 2, 3 or 4;

R' is pyridyl;

wherein said pyridyl may optionally be substituted with 1
or where possible more, substituents independently
selected from the group of substituents consisting of
halo, hydroxy, amino, cyano, carboxyl, C,_salkyl,
C, qalkyloxy, C,_salkylthio, C,_alkyloxyC,_calkyl,
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Ar', Ar'C,_.alkyl, Ar'C,_.alkyloxy, hydroxyC,_.alkyl,
mono-or di(C,_salkyl)amino, mono-or di(C,_alkyl)
aminoC, _.alkyl, polyhaloC,_.alkyl, C,_calkylcarbony-
lamino, C,_.alkyl-SO,—NR>*—, Ar'—SO,—NR>"—,
C,_salkyloxycarbonyl, —C(—0)—NR’>*R>?¢, HO(—
CH,—CH,—0O), —, halo(—CH,—CH,—O) —,
C,_qalkyloxy(—CH,—CH,—O), —, Ar'C,_.alkyloxy
(—CH,—CH,—0), — and mono-or di(C,_calkyl)
amino(—CH,—CH,—O) —;

cach t independently 15 0, 1 or 2;

Q 1s hydrogen, amino or mono- or di(C, _,alkyl)amino;

R** and R>“ are each independently selected from hydro-
gen, halo, optionally mono- or polysubstituted
C,_salkyl, optionally mono- or polysubstituted C,_.alk-
enyl, nitro, hydroxy, Ar*, N(R*R*"), N(R**R**)sulfo-
nyl, N(R**R*”")carbonyl, C,_.alkyloxy, Ar°oxy, Ar°C,
alkyloxy, carboxyl, C, _.alkyloxycarbonyl, or —C(=—7)
Ar*; wherein —7 is —0Q, —CH—C(—0)—NR’“R”?,
:CHZ, :CH—Cl_ﬁalkyl, —N—0OH or =N—0O
C,_ alkyl; and wherein the optional substituents on
C,_calkyl and C,_.alkenyl can be the same or can be
different relative to one another, and are each 1ndepen-
dently selected from the group of substituents consisting
of hydroxy, cyano, halo, nitro, N(R**R**), N(R**R**)
sulfonyl, Ar*, C,_salkyloxy, C,_.alkyl-S(=—0),, Ar°oxy.
Ar*—S(=0),, Ar’C, _.alkyloxy, Ar*C, _.alkyl-S(=0)..
carboxyl, C,_.alkyloxycarbonyl and —C(=Z)Ar";

provided that when R*“ is halo, optionally mono- or
polysubstituted C, _.alkyl, optionally mono- or polysub-
stituted C,_.alkenyl, nitro, hydroxy, Ar®, N(R**R*"),
N(R*R*)sulfonyl, N(R**R*")carbonyl, C,_.alkyloxy,
Ar*oxy, Ar'C,_.alkyloxy, carboxyl, C,_.alkyloxycarbo-
nyl, or —C(=Z)Ar*; then R>“ is hydrogen; and

provided that when R’ is halo, optionally mono- or
polysubstituted C, _.alkyl, optionally mono- or polysub-
stituted C,_.alkenyl, nitro, hydroxy, Ar®, N(R**R*"),
N(R*R*")sulfonyl, N(R**R*")carbonyl, C,_.alkyloxy,
Ar*oxy, Ar-C,_.alkyloxy, carboxyl, C,_.alkyloxycarbo-
nyl, or —C(=Z)Ar"; then R*“ is hydrogen;

R** and R>” are each independently selected from hydro-
gen, C,_alkyl or halogen;

provided that when R*“ is halo, optionally mono- or
polysubstituted C, _.alkyl, optionally mono- or polysub-
stituted C,,_calkenyl, nitro, hydroxy, Ar*, N(R**R**)sul-
fonyl,  N(R**R**)sulfonyl,  N(R**R**)carbonyl],
C, qalkyloxy, Ar-oxy, ArC, .alkyloxy, carboxyl,
C,_qalkyloxycarbonyl, or —C(=Z)Ar* then R** is
hydrogen, C,_.alkyl or halogen and R*? is hydrogen; and

provided that when R’“ is halo, optionally mono- or
polysubstituted C, _.alkyl, optionally mono- or polysub-
stituted C,_.alkenyl, nitro, hydroxy, Ar®, N(R**R*"),
N(R**R**)sulfonyl, N(R**R**)carbonyl, C,_.alkyloxy,
Ar*oxy, Ar-C,_.alkyloxy, carboxyl, C,_.alkyloxycarbo-
nyl, or —C(=Z)Ar” then R*” is hydrogen, C, _.alkyl or
halogen and R*” is hydrogen;

R*“* and R*” can be the same or can be different relative to
one another, and are each independently selected from
the group of substituents consisting of hydrogen,
C,.qalkyl, ArC, .alkyl, (Ar®)(hydroxy)C,_.alkyl,
hydroxyC, _.alkyl, mono- and di-(C,_salkyloxy)C,
alkyl, (hydroxyC,_.alkyloxyC,_.alkyl, Ar'C, .alky-
loxy-C,_calkyl, dihydroxyC, _.alkyl, (C, _.alkyloxy)(hy-
droxy)C,_.alkyl, (Ar'C,_.alkyloxy)(hydroxy)C,_.alkyl,
Ar'oxy-C, _.alkyl, (Ar'oxy)(hydroxy)-C, .alkyl, ami-
noC, _calkyl, mono- and di(C,_calkyl)amino-C,_salkyl,
carboxyl-C, _.alkyl,  C,_salkyloxycarbonylC,_.alkyl,
aminocarbonylC, _alkyl, mono- and di(C, _calkyl)ami-
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nocarbonylC, _.alkyl, C, _.alkylcarbonylC, .alkyl, (C,_,
alkyloxy),-P(—0)—C, _.alkyl, (C, salkyloxy),P
(—0)—0—C,_salkyl, aminosulionyl-C, _.alkyl, mono-
and di(C, _alkyl)aminosulionyl-C,_.alkyl, C,_.alkyl-
carbony], Ar*carbonyl, Ar°C, _.alkylcarbonyl,
C,_galkylsulfonyl, aminosulfonyl, mono- and di(C,
alkyl)aminosulfonyl, Ar“sulfonyl, Ar°C,_.alkylsulfo-
nyl, Ar’;

R>“ and R>” can be the same or can be different relative to
one another, and are each independently hydrogen or

C,_galkyl; or

R>¢ and R”“ taken together may form a bivalent radical of
formula —(CH,) — wherein s 1s 4 or 5;

R>¢ and R>7 can be the same or can be different relative to

one another, and are each independently hydrogen or
C,_galkyl; or

R>¢ and R”“ taken together may form a bivalent radical of
formula —(CH,).— wherein s 1s 4 or 5;

R°“ 1s hydrogen, C,_.alkyl, Ar', Ar'C, _.alkyl, C,_.alkyl-
carbonyl, Ar' carbonyl, Ar'C, _qalkylcarbonyl,
C,_calkylsulfonyl, Ar'sulfonyl, Ar'C,_.alkylsulfonyl,
C,_qalkyloxyC, _alkyl, aminoC, _calkyl, mono- or
di(C, _salkyl)aminoC, _.alkyl, hydroxyC, .alkyl, (car-
boxyl)-C, _(alkyl, (C,_salkyloxycarbonyl)-C,_.alkyl,
aminocarbonylC, _.alkyl, mono- and di(C, _.alkyl)ami-
nocarbonylC,_.alkyl, aminosulionyl-C,_.alkyl, mono-
and di(C, _calkyl)aminosulifonyl-C, _.alkyl;

R®? is hydrogen, C,_.alkyl, Ar' or Ar'C, _.alkyl;
R°?1is C,_.alkyl, Ar" or Ar'C,_.alkyl;

Ar' is phenyl or phenyl substituted with 1 or more, sub-
stituents selected from halo, hydroxy, C,_calkyl,
hydroxyC, _.alkyl, polyhaloC,_calkyl, and C,_.alky-
loxy;

Ar” is phenyl, phenyl annelated with C._.cycloalkyl, or
phenyl substituted with 1 or more, substituents selected
from halo, cyano, C,_.alkyl, Ar'—C, _.alkyl, cyanoC,
alkyl, C,_.alkenyl, cyanoC,_ calkenyl, R®”—0O—C, .
alkenyl, C,_.alkynyl, cyanoC,,_calkynyl, R®”—0O—C, .
alkynyl, Ar', R®”—0O— R**—S— R°“—SO—, R®—
SO,—, R*—0—C, alkyl-SO,—, —N(R*R®),
polvhalo-C, (alkyl, polyhaloC,_.alkyloxy, polyha-
loC,_ alkylthio, R®*—C(=0)—, R**—O0—C(=0)—,
N(R*“R*")—C(=0)—, R**—0—C,_,alkyl, R*"—
S—C, _alkyl, R®*—S(=0),—C,_salkyl, N(R°“R®")—

C, qalkyl, R°*—C(=0)—C, qalkyl, R*—0—C
(—=0)—C,_qalkyl, N(R®*R®")—C(=0)—C,_.alkyl,
R%**—C(=—0)—NR*”"—, R**—C(=0)—0—, R**—C
(=0)>—NR*”—C, ,alkyl, R**—C(=0)—0—C,_,

alkyl, N(R°*R°®*)—S(—0),—, H,N—C(—NH)—.

2. A compound according to claim 1 wherein the com-

pound has the formula:

(I-a)

wherein Q, G, R', R** and R?? are as claimed in claim 1.
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3. A compound according to claim 1 wherein the com-
pound has the formula:

(I-b)
Rl
/ H
G
\N R3a
: <\
N H

R3b

wherein Q, G, R, R*# and R>? are as claimed in claim 1.
4. A compound according to claim 1 wherein the com-
pound has the formula:

(I-a-1)
/Rl ?
RZb R
: =/~\_R"
\N AN P 7
Q4<\ ‘ \ /\Rll
N 7 “NAlk—N
\ 4
H R™

wherein Q, G, R', R* and R*” are as claimed in claim 1;
and Alk 1s C, _.alkanediyl;

R”, R'®, R'! each independently are selected from halo,
cyano, C,_.alkyl, Ar'—C, .alkyl, cyanoC,_ .alkyl,
C,_.alkenyl, cyanoC,_.alkenyl, R*>—0O—C,_.alkenyl,
C,_.alkynyl, cyanoC,_.alkynyl, R®”—O—C,_.alkynyl,

Art, R —O—, R®” -S— R*-SO—, R**-SO,—,
R®”—O0O—C,_.alkyl-SO,—, —N(R°*R°®?), polyhalo-
C,_salkyl, polyhaloC,_.alkyloxy, polyhaloC, _.alky-
Ithio, R C(=0)—, R®*—O—C(=0)—,

N(R°“R**)—C(=0)—,R**—0—C, _.alkyl, R®*—S
C,_calkyl, R®—S(=—0),—C, _qalkyl, N(R°**R°*)—C,
alkyl, R®—C(=0)—C, _.alkyl, R®*—0—C(=0)—
C, calkyl, N(R®°*R°")—C(—0)—C,_qalkyl, R**—C
(—0O)—NR*”— R**—C(—0)—0—, R*—C(—=0)—
NR®**—C, _.alkyl, R*—C(=0)—0—C,_salkyl,
N(R°“R®*)—S(=—0),—, H,N—C(—NH)—.

5. A compound according to claim 1 wherein the com-

pound has the formula:

(I-b-1)

Rl
G< /R4a
N N /Alk—N\
Q4< \\.\ R9
\. w < X
_‘=/\Rlﬂ

R3b

wherein Q, G, R, R*%, R?? are as claimed in claim 1; and
R”, R'™, R" each independently are selected from hydro-
gen, halo, cyano, C,_.alkyl, Ar'—C, _.alkyl, cyanoC, _,
alkyl, C,_.alkenyl, cyanoC,_.alkenyl, R®*—0O—C, .
alkenyl, C,_.alkynyl, cyanoC,,_alkynyl, R®*—0O—C, .
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alkynyl, Ar', R®”—0O— R**—-S§— R°*—-SO—, R®**—
SO,—, R%—0—C, alkyl-SO,—, —N(R®R®),

polyhaloC, _.alkyl, polyhaloC, .alkyloxy, polyhaloC, _
alkylthio, R°—C(—0)—, R*—0—C(=0)—,
N(R®*R®*)—C(=0)—, R®*>—0—C, _.alkyl, R®*—S
C,_salkyl, R®—S(—0),—C,_.alkyl, N(R*“R°*)—C,
alkyl, R*—C(—0)—C,_qalkyl, R®”—0O—C(—0)—
C, .alkyl, N(R®*R®*)—C(=0)—C,_.alkyl, R®*—C
(—O0)—NR*— R C(—0)—O—,R**—C(—=0)—
NR®”—C, _.alkyl, R C(=0)—0—C,_.alkyl,
N(R®*R®*)—S(=0),—, H,N—C(=NH)—; and

Alk 1s C, _alkanediyl.

6. A compound according to claim 1 wherein the com-
pound has the formula:

(I-c-1)

Rl
/ p—— 6ap 6b
G\ /NR R
. Alk )
Q \: RID
N

wherein Q, G, R*, R*? are as claimed in claim 1;

R” and R'® each independently are selected from halo,
cyano, C, .alkyl, Ar'—C, .alkyl, cyanoC,_ .alkyl,
C,_.alkenyl, cyanoC, .alkenyl, R®>—0O—C,_.alkenyl,
C,_.alkynyl, cyanoC,_.alkynyl, R®”—0O—C,_.alkynyl,
Art, R®*—-O—, R**—-S— R**-SO—, R*—-S0O,—,
R®—0O—C,_.alkyl-SO,—, —N(R®*“R°®”, polyhaloC,
alkyl, polyhaloC,_.alkyloxy, polyhaloC,_alkylthio,
R*—C(=0)—, R®*”—0—C(=0)—, N(R**R*")—C
(=0)—, R**—0—C, alkyl, R®*”—S—C, .alkyl,
R%—8(=0),—C,_salkyl, N(R®“R®*)—C, _qalkyl,
R*—C(=0)—C, _salkyl, R —O0—C(=0)—C,_
alkyl,  N(R®°“R°*)—C(—=0)—C,_qalkyl, R°**—C
(—=0)—NR*— R**—C(—=0)—0—,R*—C(=0)—
NR®*”—C, _.alkyl, R*—C(=0)—0—C,_.alkyl,
N(R®“R°®*)—S(—0),—, H.N—C(—=NH)—;

Alk 1s C, _calkanediyl;

R°“ is hydrogen, C, _.alkyl, Ar', Ar'C, .alkyl, C,_.alkyl-
carbonyl, Ar' carbonyl, Ar'C, _qalkylcarbonyl,
C,_salkylsulfonyl, Ar'sulfonyl, Ar C,_.alkylsulfonyl,
C,_calkyloxyC, _.alkyl, aminoC, . alkyl, mono- or
di(C, _qalkyl)aminoC, _.alkyl, hydroxyC,_.alkyl, (car-
boxyl)-C, _(alkyl, (C,_salkyloxycarbonyl)-C,_.alkyl,
aminocarbonylC, _.alkyl, mono- and di(C, _alkyl)ami-
nocarbonylC,_.alkyl, aminosulionyl-C,_.alkyl, mono-
and di(C,_.alkyl)aminosulfonyl-C, _.alkyl; and

R®? is hydrogen, C,_.alkyl, Ar' or Ar'C, _.alkyl.
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7. A compound according to claim 1 wherein the com-
pound has the formula:

(I-c-2)

wherein Q, G, R', R*” are as claimed in claim 1;

R” and R'® each independently are selected from halo,
cyano, C, .alkyl, Ar'—C,_.alkyl, cyanoC,_.alkyl,
C,_.alkenyl, cyanoC,_.alkenyl, R®>—0O—C,_.alkenyl,
C,_calkynyl, cyanoC,_calkynyl, R®”—O—C,_.alkynyl,
Art, R —O—, R®” -S— R*-SO—, R**-SO,—,
R —O0—C,_.alkyl-SO,—, —N(R®*R®”), polyha-
loC, _, alkyl, polyhaloC, _.alkyloxy, polyhaloC, _.alky-
Ithio, R C(=0)—, R®*—O—C(=0)—,
N(R®*“R°®*)—C(=0)—,R**—0—C, _.alkyl, R®*—S
C,_qalkyl, R®—S(—0),—C,_.alkyl, N(R**R°*)—C,
alkyl, R*—C(=—0)—C, _.alkyl, R®”—0O—C(—0)—
C,.. alkyl, N(R**R®*)—C(—0)—C, _.alkyl, R**—C
(—=0)—NR*—, R**—C(=0)—O0—,R*—C(—=0)—
NR®*”—C, _.alkyl, R*—C(=0)—0—C,_.alkyl,
N(R°“R°®*)—S(=—0),—, H,N—C(—NH)—;

Alk 1s C, _alkanediyl;

R®“ is hydrogen, C,_.alkyl, Ar', Ar'C,_.alkyl, C,_.alkyl-
carbonyl, Ar' carbonyl, Ar'C, _.alkylcarbonyl,
C,_alkylsulfonyl, Ar'sulfonyl, Ar'C,_.alkylsulfonyl,
C, _qalkyloxyC, alkyl, aminoC,_salkyl, mono- or
di(C, _calkyl)aminoC, _calkyl, hydroxyC,_.alkyl, (car-
boxyl)-C, _(alkyl, (C,_salkyloxycarbonyl)-C,_.alkyl,
aminocarbonylC, _alkyl, mono- and di(C, _calkyl)ami-
nocarbonylC, _.alkyl, aminosultfonyl-C,_.alkyl, mono-
and di(C,_calkyl)aminosulionyl-C, _.alkyl; and

R®” is hydrogen, C, _.alkyl, Ar' or Ar'C,_.alkyl.

8. A compound according to claim 5, wherein Alk 1s meth-
ylene.

9. A compound according to claim 5, wherein R”, R'°, R
are selected from hydrogen, halo, cyano, C,_.alkyl, Ar'—
C, « alkyl, cyanoC,_.alkyl, C,_.alkenyl, cyanoC,_.alkenyl,
R®”—0O—C, .alkenyl, C, .alkynyl, cyanoC, .alkynyl,
R®*—O—C, .alkynyl, Ar', R®—0—, R®*”—S—, R®—
SO—, RSO, R®”—0O—C, _.alkyl-SO,—,
—N(R®“R®"), CF,, R®*—C(=0)—, R*—0—C(—0)—,
N(R®“R**)—C(—=0)—, R®*>—0—C,_.alkyl, R®*—S—C,
alkyl, R®**—S(=—0),—C, qalkyl, N(R**R°")—C,_.alkyl,
R*—C(=0)—C, qalkyl, R°—0O—C(=0)—C,_.alkyl,
N(R®“R**)—C(—=0)—C, .alkyl and R*—C(=0)—
NR®*—, H,N—C(=NH)—.

10. A compound according to claim 4 wherein R”, R*°, R""
are selected from C, _.alkyl, Ar'—C,_.alkyl, cyanoC,_.alkyl,
C, alkenyl, cyanoC, .alkenyl, R®—O—C, .alkenyl,
C, calkynyl, cyanoC,_.alkynyl, R°”—0O—C, .alkynyl,
R®*—0O—C, .alkyl, R®”—S—C, .alkyl, R®**—S(=0),—
C,_calkyl, N(R°*“R°®")—C, .alkyl, R®*—0O—C(—0)—C,
alkyl and N(R*“R°®”)—C(=0)—C, _.alkyl.

11. A compound according to claim 5, whereinR”, R*°, R*"
are selected from hydrogen, C,_.alkyl, Ar'—C, .alkyl,
cyanoC, _salkyl, C,_.alkenyl, cyanoC,_.alkenyl, C,_.alkynyl,
cyanoC,_.alkynyl, R°®”—0O—C,_.alkyl, amino-S(—0),—
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C,_calkyl, R®>—0O—C(—0)—C,_.alkyl, amino-C(—0O)—
C,_calkyl, mono- and diamino-C(—0O)—C, _ alkyl.

12. A compound according to claim 5, whereinR”, R'°, R
are C,_.alkyl or R®*—0O—C, _.alkyl; and R'® and/or R'" may
also be hydrogen.

13. A compound according to claim 1, wherein G 1s
C,_;oalkanediyl.

14. A compound according to claim 1, wherein G 1s meth-
ylene.

15. A compound according to claim 1, wherein R' is
pyridyl; wherein said pyridyl may be substituted with 1 or
where possible with 2 or 3 substituents independently
selected from the group consisting of halo, hydroxy, amino,
cyano, carboxyl, C,_.alkyl, C,_.alkyloxy, C,_.alkylthio,
C,_salkyloxyC, .alkyl, Ar', Ar'C,_.alkyl, Ar'C,_.alkyloxy,
hydroxyC, _.alkyl, mono- or di(C,_salkyl)amino, mono- or
di(C, _salkyl)aminoC, _.alkyl, polyhaloC, .alkyl, C,_.alkyl-

carbonylamino, C,_salkyl-SO,—NR>—, Ar'—SO,—
NR>*—, C,_qalkyloxycarbonyl, —C(—0)—NR>°R>*?,
HO(—CH,—CH,—0) —,  halo(—CH,—CH,—0O) —,

C,_alkyloxy(—CH,—CH,—O),—, Ar'C, _.alkyloxy(—
CH,—CH,—0),— and mono- or di(C,_salkyl)amino(—
CH,—CH,—0) —; wherein each n independently 1s 1, 2, 3
or 4: Ar', R, R°? are as claimed in claim 1.

16. A compound according to claim 1, wherein R' is
pyridyl, wherein said pyridyl may optionally be substituted
with one, two or three radicals selected from the group con-
sisting of halo, hydroxy, C,_.alkyl, C,_.alkyloxy, Ar'C,
alkyloxy, (C, _calkyloxy)C, _.alkyloxy.

17. A compound according to claim 1, wherein R" is
pyridyl optionally substituted with one or two radicals
selected from the group consisting of halo, hydroxy,
C, qalkyl, C,_.alkyloxy, Ar'C,_.alkyloxy, (C,_calkyloxy)
C,_s alkyloxy.

18. A compound according to claim 1, wherein R' is
pyridyl optionally substituted with one or two radicals
selected from hydroxy, halo, C,_.alkyl, benzyloxy and
C,_salkyloxy.

19. A compound according to claim 1, wherein R' is
pyridyl optionally substituted with one or two radicals
selected from hydroxyl, C,_.alkyl and C, _.alkyloxy.

20. A compound according to claim 1, wherein, where
applicable, one of R** and R*“is selected from —N(R*“R*?),
(R*R*IN—CO—, C,_qalkyl substituted with one or two
substituents selected from hydroxy, cyano, Ar”, or
—N(R*R*) and C,_.alkenyl substituted with cyano or Ar*;
and the other one of R** and R>“ is hydrogen; and

in case R*? is different from hydrogen then R** is hydro-

gen, C,_.alkyl or halogen and R>” is hydrogen;

in case R>“ is different from hydrogen then R?” is hydro-

gen, C,_.alkyl or halogen and R*” is hydrogen.

21. A compound according to claim 1, wherein, where
applicable, one of R** and R*“ is selected from (R**R**)N—
CO—; C,_.alkyl optionally substituted with hydroxy, Ar*, or
—N(R**R*"); and C,_calkeny] substituted with Ar'; and the
other one of R** and R”“ is hydrogen; or

in case R*“ s different from hydrogen then R*? is hydrogen

or C,_alkyl and R*” is hydrogen;

in case R*“ is different from hydrogen then R>” is hydrogen

or C,_.alkyl and R** is hydrogen;

Ar?, R* and R™ are as in the definitions of the compounds

of formula (I) or as 1n any subgroup specified herein.

22. A compound according to claim 20, wherein, where
applicable, R** and R>” are both hydrogen.
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23. A compound according to claim 1, wherein the com-
pound is 2-(2-amino-6-{[2-(3-hydroxy-propyl)-5-methyl-
phenylamino]-methyl }-benzoimidazol-1-ylmethyl)-6-me-
thyl-pyridin-3-ol.

24. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrier, and as active ingredient a thera-
peutically effective amount of a compound as claimed in
claim 1.

25. A process for preparing a compound as claimed in
claim 1, said process comprising

(a) reacting an intermediate of formula (II) with a reagent

(III) as 1n the following reaction scheme:

REb
H
\ R3a
N N |
R G—W
Q4<\ ‘
N ass (1)
R3b
(1I)
Rl
/ R
G
\ R3El.
N ‘ \ e 7
? <\
N / \REEL

R3b
(1)

(b) reacting an intermediate of formula (V) with a reagent
(I) thus obtaining a compound of formula (I-d); wherein,
optionally, intermediate (V) can be prepared by a
cyclization reaction of an intermediate (IV); as in the
following reaction scheme;

RZb
3a
N )\ R
/
R3b

cyclization

-

\
HEN/ \‘/\Pﬁﬂ

(IV)
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-continued
RZb
H R3a
N X
H2N4<\ ‘ RI—G—W
N P \Rzﬂ (VI)
R3b
(V)
Rl
/ R
\
N R3E|,;
H2N4<\
N RZEI,
R3b

(I-d)

and optionally converting the thus obtained compounds of
formula (I) into their pharmaceutically acceptable base-addi-
tion or acid addition salt form by treatment with a suitable
base or acid and conversely treating the base-addition or acid
addition salt form with an acid or a base to obtain the free form
of the compound of formula (I).

26. A compound according to claim 3, wherein Alk 1s
methylene.

27. A compound according to claim 6, wherein Alk 1s
methylene.

28. A compound according to claam 7, wherein Alk 1s
methylene.

29. A compound according to claim 21 wherein R*” and
R** are both hydrogen.
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